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PREFACE. 


The following Lessons in Elementary Anatomy are m- 
tcnded in the first place for teachers and for earnest students 
of both sexes, not already acquainted with human anatomy. 

I have endeavoured, secondly, by certain additions and by 
the mode of treatment, to fit them for students in medicine 
and generally for those acquainted with human anatomy, but 
desirous of learning its more significant relations to the 
structures of other animals. 

My hope is that this little volume may thus serve as a 
^handbook of Human Morphology. 

Man has been selected as the type, because his structure 
has been the most studied and is the most intimately known, 
as also because our own frame is naturally the most interest- 
ing to ourselves. But this book has no pretension to be a 

Comparative Anatomy.” It does not profess to give a com- 
plete account of the anatomy of any group of animals. It 
contains but a selection of facts intended to illustrate the 
variations w^hich nature shows in that type of structure to 
w'hich man’s body belongs. 

So far as I am aware, this endeavour is the first of its 
special kind, and I have felt much difficulty as to the facts to 
be selected, fearing on the one hand to overload «n elemen- 
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tary lesson book, and on the other to make its contents too 
scanty. It would of course be easy indefinitely to add tb the 
details herein stated regarding the structure of the animals 
referred to. Some readers, no doubt, will expect greater 
detail ; and I can hardly hope, in this first essay, not to have 
overlooked points it might have been desirable to bring 
forward. 

Others may be disposed to think that too large a portion 
of the book is devoted to the consideration of the skeleton 
only. 

This predominance has, however, been deliberately assigned 
to the osseous structures for the following reasons : — i. The 
general resemblance borne by the skeleton to the external 
form ; 2 . The close connexion between the arrangement of 
the skeleton and that of the nervous system, muscles, and 
vessels j 3. The relations borne by the skeleton of each 
animal to the actions it performs, i.e. to the mode of life and 
habits of the various animals ; 4. The obvious utility of the 
skeleton in classification and the interpretation of affinity ; 
5. Parts of the skeleton, or casts of such, are all we possess 
of a vast number of animals formerly existing in the world, 
but now entirely extinct ; a good knowledge of the skeleton 
must therefore be of great utility to those interested m 
Palaeontology. 

Moreover, it is a recognized maxim with teachers of (exclu- 
sively) human anatomy that a thorough knowledge of the 
bones is not only a necessary preliminary to other anato- 
mical knowledge, but that the latter is acquired with com- 
parative ease when the first has been well mastered. I have 
deemed it advisable to act on this maxim in teaching the 
anatomy generally of man and of the animals herein 
referred to. 
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Certain of the facts noticed in these Lessons are recent 
additfbns to science, yet in hardly any instance has reference 
been made to their discoverers. Such references have been 
omitted in order not to overload a school book with notes. 
Indeed, I make very little claim to originality except as 
regards the special mode adopted in my treatment of the 
subject. By this I mean the exposition part passti of the 
facts of human anatomy with a selection of those most 
interesting and important in the anatomy of animals formed 
on the same type as man himself. 

The originals of many of the woodcuts are from the works 
of Professors Owen, Huxley, and Flower, and of Mr. Parker 
and others. 

Sdme original drawings have been made from specimens 
preserved in the Museum of the Royal College of Surgeons 
and of the British Museum. Some have been added from 
specimens in my own collection. 

I am happy here to express my obligations for the ready 
kindness with which my requirements for illustration have 
been supplied. 

I also feel it no less a duty than a pleasure to declare how 
much I am indebted to a near relative, Mr. Henry Davies 
Chapman, for having kindly undertaken, amidst the pressure 
of other avocations, a patient revisal of the proofs of the 
present work, the publication of which, but for this timely 
assistance, might have been indefinitely delayed. 


7, North Bank, Regent's Park, 
November 1872. 
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LESSON' I. 

A GEITRRAL VIEW OF THE STRUCTURE OF THE HUMAN 

BODY AND ITS RELATIONS TO OTHER ANIMAL BODIES. 

I. No object can be understood by itself. We compre- 
hend any thing the better the more we know of other things 
distinct from, but related to it. 

‘‘You understand a particular kind of animated being, 
when looking inwards you see how its parts constitute a 
system, and again looking outwards and around, how this 
system stands with regard to other types of organized 
existence.^^ * 

Man is an animal, and feels — ^in other words, fonns one of 
a multitude of different kinds of organized and sentient beings, 
the bodies of which have obvious, but very various, relations 
with his body. It is clear, then, from the nature of the case 
that man^s body can only be comprehended by means of an 
extensive acquaintance with the bodies of other animals. 

Experience confirms this conclusion : as the exclusive 
study of man^s body, though sufficient for the mere art of the 
surgeon, has led to quite erroneous estimates of the nature 
and meaning of parts of it ; errors corrected onjjjr through 

) 1 Essays by James Marttneau ; Second Series, p. 4x7. 



2 *' ELEMENTARY ANATOMY. t^-sss. 

^ * 
the general science of organic forms, the science of 
Morphology.* 

2. The body of man has a more or less rounded outline, 
and its various surfaces are curved. Moreover, as everyone 
knows, it is made up of different parts and organs — hard and 
solid structures (bones) being enclosed by soft and pulpy 
flesh. Indeed nearly all parts of man’s body contain much 
water : thus even 70 per cent, of the human brain is com- 
posed of that fluid. 

As to chemical composition, most ingredients of the human 
body (unlike the fat) contain nitrogen ; while a peculiar 
organic substance termed protein^ (formed of the gases 
oxygen, hydrogen, nitrogen, and of the solid element carbon) 
constitutes its basis and foundation. 

3. Man’s body is evidently divisible into head, trunk, and 
limbs. 

Certain symmetrical relations and contrasts between dif- 
ferent parts of the human frame are obvious. 

Thus there is a contrast between its anterior and its hinder 
aspect, and this contrast extends along each limb to the ends 
of the fingers and toes. The hinder aspect in all cases is 
termed “ dorsal,” the anterior one ventral,” and, indeed, we 
familiarly speak of the back of the hand. 

Again, there is a resemblance (and at the same time a con- 
trast) between the right and left sides, which correspond with 
tolerable exactitude one to the other. This harmony, termed 
bilateral symmetry, though obvious externally, does not in 
man extend to the internal organs (or viscera), which are 
more or less unsymmetrically disposed. 

Thirdly, there is a resemblance and correspondence between 
parts placed successively, as, for example, between the arm 
and the leg, or between the hand and the foot ; although this 
relation is less obvious than it might be, owing to the differ- 
ent directions in which the knee and elbow are bent. Such 
a symmetry is termed serial, and is thus externally visible ; 
but it is more manifest on a deeper examination, where we 
find successive parts like the ribs or the pieces of the back- 
bone, which obviously resemble each other more or less, and 
so are called by a common name, while as they are placed 
in series ” they are excellent examples of serial symmetry. 

4. As is familiar to all, man’s body consists of a solid frame- 

Morphology, from the Greek words /Aop0ri, form, and Xo<>0C( discourse 

* Protein, from wpSirop, first; wpwTewciv, to be the first; »rpMT«rov, the first 
)>!ace ; becaiute it holds the first place in rciatian to the albuminous fnHmoiples. 
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work (the bony skeleton), on which are laid bundles and layers 
of flesh or muscle, the whole being enclosed by skin. 

An external opening, the mouth, is the beginning of a long 
and convoluted alimentary tube, which varies in size in dif- 
ferent parts before reaching its termination, and has annexed 
to it a variety of glands, as the liver, pancreas, and salivary 
glands. This long tube occupies part of a great internal 
cavity in the trunk of the body, in which cavity are also 
placed the heart, lungs, spleen, kidneys, and bladder, the 
heart * being situated on the ventral aspect of the cavity. 



Fic,. I. — A Diagrammai'ic Sfction of the Human Jioov i'aken verii- 

CALLY THROUGH THE M EDI AN pLANE. 

The ventral cylinder, containing the convoluted alimentary tube, liwig<, 8lc , 
is bounded by the thick black line. 

The dorsal cylinder, bounded by oblique lines, is shown expanding above into 
the brain cavity. 

5. Thus maiVs trunk may be conceived as a sort of fleshy 
cylinder, but in fact it is made up of two cylinders of very 
different size and structure. 4 

* The various organs here enumerated by anticipation are described in sub- 
sequent Lessons. 
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The second, and much smaller cylinder, runs along the 
back, and consists of the backbone, expanding above into 
the skull (or brain-case). This cylinder contains the spinal 
marrow, while its upper expansion contains the brain. The 
trunk of the human body consists thus of two tubes, with a 
solid partition between them formed of the front part of the 
backbone. Neither of these cavities is prolonged into the 
limbs, which are made up of solid structures (flesh, nerves, 
and vessels) wrapped round bones. 

6. The long alimentary tube has no communication with the 
body-cavity which surrounds it, but is (with its glandular ad- 
juncts) a continuous structure, except at its terminal openings. 

Thus it is not the inside of the alimentary tube which is 
the true body-cavity, but, on the contrary, the space which 
surrounds that tube and the other viscera. The tube itself is, 
as it were, but a reflexion inwards of the external surface, the 
skin which lines it being continuous at the lips with the skin 
of the outside of the body. 

At its upper end this tube rather bends away from the 
brain or upper termination of the central part of the nervous 
system. 

The heart, which is a hollow muscular organ, is rhythmically 
contractible and propulsive, and contains red blood ; part of 
which, as it circulates, undergoes on its way back a subsidiary 
(portal) circulation through the liver, by means of a double 
set of vessels ramifying through that organ. 

The blood-vessels which arise from the heart {Le. arteries) 
become successively smaller and smaller as they pass away 
from it, and end in most minute tubes (capillaries), whence the 
returning vessels (veins) take origin, growing larger as they 
approach the heart. The blood is thus constantly enclosed 
in distinct vessels of one kind or another. 

The brain and spinal marrow form the central parts of the 
nervous system. Cords or threads of nervous substance (the 
nerves) extend from the brain and spinal marrow into every 
part of the body. 

The lungs (as has been shown in ^^Elementaiy Physiology,” 
Lesson IV.) respire air, but man has not any appliance by 
which to extract oxygen from air as it exists mixed up in 
water^ whether fresh or salt. 

The sense organs, except touch, are all placed in the head, 
and the respiratory organs open at the same part of the body, 
immely^ by the nose apd mouth. Three special senses are fu^- 
mshea with pairs of organs — twt> eyes, two ears, two nostrils., 



I.] GENERAL VIEW. S 

« 

The mouth is bounded by jaws which open vertically, the 
aperture itself being extended transversely. 

7. Such being the more significant and general chanacters 
of adult man, certain processes and changes of growth may 
be referred to by which that condition is arrived at. 

A minute roufided, almost structureless mass is the earliest 
condition of the body. 

The first indication of the future being, which shows itself 
in that rounded mass, is given by a longitudinal groove mark- 
ing the place of the spinal marrow and brain. 

Beneath this a similarly longitudinal, cellular rod appears, 
called the notochord,* or chorda dorsalis^ marking the place 
of the future front part of the backbone. 

In process of time the lower jaw appears as a solid rod 
coming down on each side from the head, and a series of 
similar structures, called ‘‘ visceral archesy^ make their appear- 
ance on each side, also coming down from the head like the 
lower jaw, and placed one after the other behind (or, if the 
body is vertically placed, beneath) that jaw, and forming later 
the tongue-bone, &c. 

These arches are separated by temporary apertures termed 

visceral clcftsT 

8. The world is inhabited by a vast animal population, of 
kinds so numerous and diverse that the study of them would 
be a task of hopeless difficulty were they not capable of con- 
venient classification. 

Fortunately they can be and have been divided and 
arranged, according to their resemblances in form and struc- 
ture, into a series of more and more subordinate groups. 
The sum total of animals is spoken of as a kingdom — the 
Animal Kingdom — in contrast with and distinction from the 
Vegetable and Mineral Kingdoms. 

The Animal and Vegetable Kingdoms taken together con- 
stitute the “organic world,” and each member of it is an 
“ organism.” 

The Animal Kingdom is made up of certain great primary 
groups, each of which is termed a sub-kingdom (or sometimes 
a division). 

Each sub-kingdom is made up of and is divisible into 
certain other subordinate (yet still great) groups, each of 
which is called a cla^. 

Each class is composed of a certain number of more sub- 
ordinate divisions, ,each of which is termed an ordet^ 

' hftck, aii4 chord. 
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Each order consists of smaller groups, which groups bear 
each the title family. 

Each family is composed of still smaller divisions, termed 
genera. 

Each genus is made up of one, few or many species; each 
species being composed of individuals differing only as re- 
gards sex, and capable of reproducing other individuals 
similar to themselves. 

The whole of these groups are defined by peculiarities of 
form and structure ; that is to say, the classification is based 
upon the number and shape of parts and organs, and not by 
what such parts and organs do, i.e. it is morphological and not 
physiological. 

9. One great primary group, i.e. one sub-kingdom (or 
division) — that to which we belong — includes, besides our- 
selves, all beasts, birds, reptiles, frogs, toads, and efts (or 
newts), and all fishes truly so called. The creatures of this 
sub-kingdom agree in possessing a spine, that is a backbone 
(or a cartilaginous or gelatinous representative of it). In all 
the higher of these animals, including man, the backbone is 
made up of a number of bony pieces termed vertebrae, and on 
this account the term Vertebrata is given to the whole 
group, which is spoken of as the Vertebrate sub-kingdom. 




Fig. 2.— a Poti-PH Cvti Fic. 3. — A Ckn : i# kdk, ok IIundkkd-kec.s 

{Octopus). {iicalopendra) 



10. Another primary group, sub-kingdom, or division, in- 
cludes all snails, slugs, cuttle-fishes,* and creatures of the 
oyster and scallop class. The name Mollusca® is applied to 
this group, and the creatures composing it are often spoken 
of as the Molluscous animals, or Mollusks. 

A third great primary group or sub-kingdom is termed 
Annulo.SA.5 They are creatures the bodies of which ^ are 

> Improperly culled fi&hes ; 9S a1t>o are the oyster and its allies. 

* Mollusca, from moUusetai mollis^ soft. 3 Annulosa, from annulus^ ring. 
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made up of a longitudinal series of more or less distinctly 
traceable segments or rings, at least at some period of their 
lives. Such creatures are all insects, crabs, lobsters, shrimps,* 
scorpions, spiders, hundred-legs, earth-worms, and leeches. 
This sub-division is the richest in numbers of the whole 
animal kingdom ; and even one class of it, Insecta (which 
comprises all insects), contains so many species as to exceed 
in number all other species of animals put together. 

A fourth sub-kingdom is made up of creatures less familiar 
to many, namely, sea-squirts or ascidians,* lamp-shells, and 



Fit. 5. — A Star-fish Fu,. 6 — A Tuih’I-auian Polyf 

( U rosier). ( Ihmeria)^ after Allman 

minute animals living in compound aggregations, often found 
on our shores, such as the Jlustra^ or sea-mat. To this sub- 
kingdom the name Molluscoida ^ has been applied. 

A fifth sub-kingdom is composed of animals like star-fishes, 
sea-urchins, and sea-cucumbers, together with entozoa,^ or 
intestinal parasites and their allies, on all of which the 
common name Annuloida^ has been imposed. 

A sixth primary group bears the title Ccelenterata,® and 
contains all sea-anemones, jelly-fishes, Portuguese men-of- war, 

* Crabs, lobsters, and shrimps are sometimes improperly spoken of as shell- 
fishes. * F rom acKos, a wine-skm or pouch. 

3 Molluscoida, from mollusca and ctdo£, form, appearance. 

4 ’Evroy, in, and (wottf animal. 5 Annuloida, from anmilus andc»du£. 

c Coclenterata, from KolXa, hollow : Svreaof entrails. 
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&:c»i pc^yps, including many compound animals which 

grow up in i tme-like manner, and the minute creatures 
which by their secular existence have formed not only such 
parts of the earth^s surface as reefs and coral islands, but 
even the State of Florida itself, of which they were un* 
doubtedly the first founders. 

Lastly, we have the sub-kingdom Protozoa, * containing 
all the lowest forms of animal life, placed together rather 
owing to the absence in them of characters possessed by 
higher groups than from positive characters which they share 
in common. 

Such are the Infusoria,’ the sponges, and those wonderful 
Foraminifera^ which took (and are taking at the bottom of the 
Atlantic) so large a part in the formation of the chalk, and 
therefore built up much of Old England itself. 



Fig. 7.— a Foraminifpr Fig 8.— One of the lowest Protozoa 

{Globiger^na) {Protoiuoebci)^ after Haeckel. 

In the lowest grade of the animal kingdom is a creature, 
Protogsnes,^ at once structureless and devoid of any constant 
form, as its shape varies like that of Proteus himself. A mere 
morsel of semi-fluid jelly, floating in the ocean, it is destitute 
of any organ, even so much as a cell, and exhibits animality 
in the last degree of structureless simplicity. 

The last six sub-kingdoms may very conveniently be taken 
together, and spoken of as the Invertebrata^ in contrast to the 
highest sub-kingdom, from which in so many points the other 
pnnjary groups agree in differing. Thus we have the Verte- 
brata oh the one hand, and on the other the Invertebrata, 
including the Mollusca, Annulosa, Molluscoida, Annuloida, 
Coelenfierata, and Protozoa. 

1 Having made this, rapid survey of the whole animal 
H, it "will be well to consider the general characters 

* from itp&To%f fiSoy, atiimRl. 

9 Galled because found when left exposed to the air for a time. 

3 jFpmmina pxidjhv, havtuf holes Or pa’^arationa. 

* flpSkro^t first ; to he bom. 
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of man’s structure, already noted, in relation to the other 
forms of life here enumerated. 

In that man’s body is bounded by curved lines and sur- 
faces, and its structure complex, so that upon a section being 
made it is seen to consist of different parts — it agrees with 
those of all other animals, as even in Protogenes there are 
granules. Thus it differs from inorganic substances, which 
may be, as in crystals, bounded by right lines, flat surfaces, 
and have a homogeneous section— a cut crystal being the 
same in structure throughout. Only very rarely (as in 
spathic iron and dolomite) are minerals bounded by curved 
lines and surfaces. 

The presence of much water is also a common charatter of 
organic living bodies, though man may be called solid in 
comparison with some animals, more than 99 per cent, of water 
entering into the total composition of a jelly-fish. 

As to his chemical composition, man agrees with the whole 
animal kingdom, and differs from the members of the vege- 
table kingdom in the less proportion of non-nitrogenous parts 
which help to compose his body. ^ 

12. In so far as man’s body is furnished with a distinct head, 
he agrees not only with other vertebrates 
(with one exception — the lancelet, or 
Amphioxns)^ but also with the higher 
Mollusca and Annulosa. It is a cha- 
racter, however, quite wanting in the 
lower sub-kingdoms, and even so well- 
organized an animal as the oyster is quite destitute of any 
such part. 

The presence of limbs is not a universal character even in 
man’s own primary division, the Vertebrata, being wanting, 
e.g.^ in serpents ; but the possession of more than four is 
known only in the Annulosa, where, however, the number 
may be not merely six, as in insects, but prodigious, as in 
the millepedes, or thousand-legs. 

13, The contrast between dorsal and ventral ^ructures is 
one very widely shared, but is absent in the lowest animals — 
which thus remind us of that earliest condition of man before 
referred to, when his body is a minute spheroidal mass. 

A dorsal and ventral symmetr)r may be developed such as 
man does not exhibit, and this is especially the case in the 
region of the tail, where (as, e.g,^ in fishes and amphibians) 
the structures on the dorsal side of the centre 01 the back- 
bone tend to be repeated on its ventral side. 


Fig. 9.— The Lancflft 
{Ampluoxns). 
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The continuity of the dorsal and ventral surfaces of the 
limbs with the dorsal and ventral surfaces of the body, as also 
the correspondence between the dorsal (and ventral) surfaces 
of the two pairs of limbs, may be more plainly exhibited than 
in man. Thus in many tortoises both the knee and the elbow 
are rather turned outwards, than 
the former forwards and the latter 
backwards, as is also the case in 
the Flying- Lemur {Galeopithecus) 
amongst beasts. 

Bilateral symmetry is common to 
man and the majority of animals. 
It may, however, be much less com- 
Fig to —The pLYiNCi-LhMirR plete than in him, as in the flat 
^Galeopithecus u fishes (such as the sole, turbot, 

flounder, &c.), where both the eyes 
come to be on one side of the head ; and it may be want- 
ing altogether, not only as regards the viscera, but also as 
regards the external form, as is the case in many Moilusks, 
e.g, the snail. 

On the other hand, this kind of symmetry may be carried 
to a far greater extent than it is in man, as is the case in 
the Annulosa, where not only the external form, but the in- 
ternal viscera also, are bilaterally symmetrical. 

An antero-posterior symmetry may be developed to a cer- 
tain superficial extent, as in the reptile 
Amphisbena^^ in which it is at the first 
glance difficult to tell the head from the tail. 

Another form of symmetry which is en- 
tirely absent in man is radial symmetry. 

This symmetry is exhibited by jelly-fishes 
and by sea-urchins, and star-fishes in their 
adult condition — parts radiating from a « 

common centre resembling and corre- (C/rasteo 
spending one with each other. 

Serial symmetry may be much less and much more 
developed than we find it to be in man. Thus, in such 
creatures as the oyster it is completely absent. In birds it 
is less marked than in man, the dissemblances between their 
wings and legs being more obvious, and the resemblances 
more hidden, than between the human upper and lower limbs. 
In contrast with this we find in forms closely allied to man 
the resemblance to be exaggerated—whence the name Quad- 

* From u/u^i'c, for on bothiiides, and /Suikciv, to go. 
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rumana has . inexactly been applied to the apes, the foot 
having so close a superficial resemblance to the hand. 
Parts which answer to each other in serial symmetry are 
termed homo types P 

An amount of serial symmetry, however, far beyond any- 
thing which man presents is developed in the sub-kingdom 
Annulosa, as we may see in such creatures as the lobster. 
Not only is there in such animals an obvious serial repeti- 
tion in similar segments and similarly formed limbs, but a 
little study shows that parts superficially unlike (as the 
feelers, or antennae, jaws, claws, legs, and swimmercts) are 
essentially similar structures, diversely modified to meet 
diverse requirements. 

The maximum of serial repetition, however, is found in the 
hundred-legs and thousand-legs and 
other Annulosa, in which the num- 
ber of body segments is at its 
maximum. 

14. The possession of a solid in- 
ternal frame-work to which muscles Fio. 12 — A Ch.tiTiPi.Lni, Oil 

are attached is a character man Hi).N'UKi5D-u!.<.s 

shares with all the members of the 

Vertebrate sub-kingdom j but quite other conditions may 
obtain and indeed numerically preponderate, as in the vast 
group of Annulose animals, where the hard parts are external, 
and the muscles which move them are within them and 
attached to their inner surfaces, as familiarly knowm to us 
in the lobster. 

1 5. A pennanent mouth may seem to many to be an organ 
necessary to every animal. I'his, however, is not the case, 
as animals so complexly organized as the tapeworm are alto- 
gether destitute of any such structure and feed by absorption 
only. Even certain minute creatures which swim freely 
about to seek their food may yet have no permanent mouths, 
but (as, e.g., Amceba and Protogenes) when in contact with 
their food may produce a temporary perforation in the sur- 
face of their own body in which they cngulph their food, tlic 
body-wall closing up again over it. 

It becomes, then, hardly necessary to say that an alimen- 
tary lube is not a constant structure, still less any inferior 
outlet ; for many animals, eg. the lamp-shell {Terebratula)y 
though possessing an intestine, are nevertheless aproctous.^ 

The various organs which aid digestion disapj^bar as we 

X From a. not, and ’KpuKtog, anus. 
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descend in the animal scale, but a fiver is a structure which 
long persists, as e.g, in the Mollusca Ahd many Annulosa. . 

1 6. In that man’s body consists of a double tube — the 
nervous cylinder being dorsal and the heart ventral— it agrees 
with the whole of the members of his sub-kingdom, but 
appears to differ from that of all invertebrates, unless it be 
certain Ascidians. Recent observations show that the latter 
simulate in their larval condition the vertebrate structure as 
regards the existence of a dorsal nervous cylinder, as also as 
regards a solid partition or simulation of a notochord, which 
nevertheless is not yet unequivocally manifested, outside the 
Vertebrate sub-kingdom. 

A prolongation of the body cavity and even of the digestive 
cavity into the limbs, strange as it may appear, is far from 
unknown, as it exists not only in the star-fishes, but also in 
animals as highly organized as spiders. 

A direct communication between the alimentary canal and 
the true body -cavity is by no means uncommon in lowly orga- 
nized forms ; eg., in the sea-anemone that canal terminates 
freely in the body-cavity. 

In creatures in which the central part of the nervous system 
is ventral— that is to say, in all the Annulosa— the anterior 
part of the alimentary tube not only bends towards but 
traverses the nervous centres. That bending away from 
those centres which characterises it in man, characterises it 
also in all vertebrate animals. 


Speaking generally, the nervous centres of invertebrates are 
placed in the oral region, as not only in the Annulosa and 
Annuloida, but also in the Mollusca and Molluscoida, it is 
present in that part, unless absent altogether. 

17. The possession of a heart and of red blood is common to 
all vertebrates as well as to man, with 



Fic;. 13 — Lancklet 


one solitary exception : the Amphioxus 
or lancelet alone having colourless 
blood, and a simple cylindrical vessel 
in place of a heart. 


A portal circulation is shared with 
man by all vertebrates, even the Amphioxus, but no inverte- 
biate animal is Imown to be furnished with a blood distribu- 


tion of the kind. 


Also the enclosure of the blood in vessels is a cha- 


racter common to vertebrates, but in Annulose animals {eg, 
the lobster) the blood is in part contained in wide cavities 
termed sinuses. In many forms '"also (as in the Mollusca) a 
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communication takes place between the interior of the circu- 
lating system and the exterior of the body, so that the water 
in which such creatures live is admitted within their blood 
system to a greater or less extent. 

1 8. A distinct brain is common to all the members of man^s 
sub-kingdom except the lancelet ; but both nerves and ner- 
vous centres may be entirely wanting in creatures of complex 
structure like the tapeworm, or of locomotive power like the 
polyp, Hydra tuba. 

Respiration of air by pulmonaiy sacs is neither universal 
in man^s sub-kingdom (for fishes breathe the air contained in 
water by gills), nor unknown out of it. Such structures exist 
in scorpions and spiders, and an air-breathing sac is found 
in slugs and snails. 

On the other hand, breathing organs suited for aquatic 
respiration may be developed in the most varied situations ; 
e.g.^ attached to the legs, as in the lobster, or internal with 
an external opening at the hinder end of the body, as in the 
sea-cucumber, Holothuria. 

Kidneys, instead of being distinct structures as in man, 
may be united with biliary glands and open into the intes- 
tine, as in insects. 

19. Sense organs may exist in quite other situations than 
those in which they are placed in man. Eyes may be placed 
on every joint of a long body, as in the worm-like animai, 
Polyophthalmus,'^ or along each half of a fleshy cloak enclos- 
ing the body, as in Pecten. There may often be more than 
two upon the head, as in Scorpio; or they may be raised on 
solid stalks, as in the lobster ; or at the end of long retractile 
tentacles, as in the snail. 

Auditory organs may be placed in joints of the legs, as 
in some insects, eg. locusts ; or in the thoracic part of the 
body, as in crickets. 

Long filamentary jointed structures (the antennae of insects) 
may project from the head, to minister to a sense the nature 
of which is disputable. 

The mouth, instead of being extended transversely, may be 
rather antero-posteriorly elongated ev^^n in man^s sub-king- 
dom, as in the lancelet ; and there may be numerous jaws 
placed on each side of it working laterally, and not vertically, 
as in the lobster. 

20. Pevelopment may take place without primitive 
groove and without any chorda dorsalis^ and such m the case 

» B'roin iroAwci many ; an cv<*. 



14 ELEMENTAR Y A //A TOMY [less.^ 

in the whole of the Invertebrata (as far as yet known), with 
the doubtful exception of Ascidians. 

Visceral clefts and arches may persist throughout life, as in 
fishes ; but with respect to this, much more will be said later. 

From the foregoing concise statement of the more im- 
portant general characters of man's anatomy and that of 
animals generally, it is evident that his frame has been con- 
structed upon a certain plan which in its main characters is 
common to all the members of one large group (sub-kingdom) 
of animals. 

This will become manifest when we proceed more into 
detail and discover structures the utility of which is, to say 
the least, apparently subordinate to their significance as 
conforming to a general type of structure. 

21. It may well be the case that the rational faculties of 
man could have been united to no more suitable a body than 
that which he possesses. Fancy may nevertheless amuse 
itself by considering possibilities of structure (as shown by 
what we find in existing animals) were he not tied down to 
conformity to the vertebrate type. 

The fabled Briareus is suggested by the ‘‘ thousand-legs ” 
and centipede. A natural armour, moved by a cunningly 
adjusted internal mechanisrn, is suggested by the lobster. A 
spear tipped with poison, like the wourari, is suggested by 
the wasp ; and the appliances of even the most modem 
warfare by the Bombardier Beetle. 

Eyes multitudinous, attached to movable stalks or at our 
fingers' ends — ears in our breast, or attached to our shin- 
bones — are suggested by what we know of some insects. 

22. It is the fact, however, that man’s body is strictly verte- 
brate, and vertebrate only. It remains then to consider it 
from the vertebrate point of view. His resemblances to all 
animals below the Vertebrata are so general and remote, 
that it would be profitless henceforth to consider and com- 
pare (in going into the details of his structure) any such 
distant resemblances or relationships as those presented by 
invertebrate animals, of which we accordingly here take leave. 

It is needful, however, to have a clear general conception 
of the animals which compose the Vertebrate sub-kingdom, to 
which repeated references will henceforth be made. 

23. The Vertebrata are divisible into five great classes, 
which stand in different degrees of relationship one to 
another: — I. Mammalia (Man ''and Beasts); 11 . Aves 
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(Birds); III. Reptilia (Reptiles); IV. Batrachia (Am- 
phibians) ; * V. Pisces (Fishes). 

Moreover, Aves and Reptilia are classed together in a 
large group (or province) which bears the name Sauropsida. 
Similarly Batrachia and Pisces are grouped together, and to 
their united mass the common name Ichthyopsida is 
applied. 

The class Mammalia comprises all the creatures which 
suckle their young, and is made up of man together with all 
beasts, and each is spoken of as a mammal. All mammals 
are divisible into three great groups ox sub-^classes. 

The first sub-class comprises man and all the more well- 
known beasts. It is called Monodelphia, and the animals 
contained within it are termed Monodelphous mammals. 
These are arranged in the following orders : — 

I. Primates. — Man, the Apes of the Old and New 
World, together with the Le- 
murs. Among the Apes and 
Lemurs are — the Gorilla and 
Chimpanzee, the Orang, the 
Gibbons, the Proboscis Mon- 
key, the Barbary Ape {Inuus), 
the Baboons {Cynocephalus)^ 
the Spider Monkeys (A teles), 
the Howlers (Afycetes) ; also 
Pithecia, Chrysoihrix, the fj^, ,4 — a lonc,-\kmbdApe, 
Squirrel Monkey, the Mar- or Gibbon (jiyiobaus) 
morets (Hapale), and the 

genera Indris, Lemur, Microcebus, Galago, Loris, 
Nyciicebus, Tar sins, and Cheiromys, or the Aye-aye. 




Tig. 13 —A Lemukoid or t hk Fig. x6 —The Aye-aye 

GENUS Lemur, {Chetremys). 

II. Cheiroptera.— The Bats, including the Flying Foxes 
{Ptcropus), the common bats, the Horseshoe and 


* E.g, frogs, toads, efts. 
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Vampire bats {Phyllostoma and Rhinolophus)^ and 
the Bloodsucker {Desmodus). 

III. INSECTIVORA. — Small insect-eating beasts, such as 
the Mole, the Hedgehog, the Tanrecs {Cenietes and 
Elemicentetes), the Golden Mole {Chrysachloris), the 
Shrew-Mice (which are not at all really mice), 
SoreXy and the African jumping shrews {Macros- 
celides)\ also the so-called Flying- Lemur (which is 
not a lemur), Galeopithecus. 



Fig. 17— a Lkaping Shkf.w Fig 18 — The Flying-Lemur 

{Macroscehdes). ( Galeoptihecus). 

IV. Rodentia. — Mostly rather small animals, all formed 
for gnawing, such as the Hare and Rabbit, the 
Agonli, the Beaver, the Porcupine {Hysitrz'x)^ the 
Capybara, Dolichotis^ the Squirrels', the Rats, the 
Australian Rat {Hydromys)^ the Jerboa {Dipus)^ the 
Rat-mole {Spalax). 

V. Carnivora. — Beasts of prey, as the Cats, Lions and 
Tigers, the Hyenas, Civet-cats, Dogs, Weasels, 
Badger, Coatimondi, Racoon, the Ailurus, and the 
Bears, the Otters and Sea-otters (Enhydra). 

VI, Pinnipedia, — The Seals {Phoca),'^?i\ms{TrickcBchus)^ 
and Sea-Bears {Otaria). 

VI L Cetacea. — The Whale-bone Whales, the Sperm 
Whale, the Dolphins and Porpoises, including the 
Pontoporia and Platanista and the Narwhal. 

VIII. Sirenia. — The Dugong and Manatee, with the ex- 
tinct Rhytina and Halitherium. 

IX. PROBOSClDEA.»-*The African and Asiatic Elephant 
and the e^dinct Dmotkerium. 

X. UNGULATA--^The Hoofed beasts, divisible into two 
sub-orders : — 

A. Perissopactvla. — Those with the functional toes of 

the hind foot of an odd number, as the Rhinoceros, 
the Tapir, the Horse and its extinct allies ; and 

B. Artiodactvla. — Those with the functional toes of 
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the hind foot of an even number, as the Hippo- 
potamus, the Hogs, the Peccaries, the Camels and 
Llamas, the Musk Deer, the Deer, the Giraffes, the 
Antelopes (including the Saiga and four-horned and 
prong-horned antelopes), and Oxen, Goats, and 
Sheep. 

XL Hyracoidea. — Including only the genus Hyrax^ one 
species of which is “ the coney of Scripture. 

XII. Edentata. — A very strange order, containing very 
diverse forms, namely : the two- and three-toed 
Sloths {CholoepHS and Bradypus)^ with the extinct 



Fio 19 .— The Hvrax. 1 10 20.-— The TiiREE-iobD Fk,. 21 — The C»ki a i 

SlOTH Ani-eati’k 

{Brady J>u v). [A/ynnfc o^ka§;u). 


Mylodon and Megatherium., the Ant-eaters, the 
Pangolins (see Lesson VI 1. for a figure), the Cape 
Agt-eater {Oiycteropus)^ and the Armadillos, in- 
cluding the extinct GlyptodofK 



Fig 22.— The Cai*k An 1 eater Fig. 23. — AnArmadiii.o 

{Otycteropus). {Dasypus). 


The second sub-class comprises the Marsupials or pouched 
animals only. It is called Dtdelphia, and the animals 
contained within it are termed Didelphous mammals. It 
consists of one order only : — 

XIII. Marsupialta. — A very varying group, containing 
the true Opossums (Didelpkys), the Kangaroos, the 
Phalanges, the Wombat and Koala, the Dj]^syurcs, 
the Tasmanian Wolf {Thylacmus)y the Bandicoots 
(Peramcles)y and Oiceropus. 

c 
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The third sub-class comprises two very aberrant genera 
only. It is called Ornithodelphia, and the animals com- 
prised within it are termed Omithodelphous mammals. It 
consists of one order only : — 

XIV. Monotremata.— Of this order 
there are but two genera — 
one the Echidna, the other 
the Duck-billed Platypus or 
Fiu 24.- 'I he Duck-billed Ornithorhynchus. 

(OrntttJyA^hus). ^he class Aves contains all the 
Birds (or feathered Vertebrates), It 
is a very uniform class, containing only three sub-classes. 

The first sub-class, the Cart na'IVE, comprises all living 
birds except those contained in the next sub-class, together 
with the extinct Dodo and the Great Auk. 

The second sub-class, the RatiT/E, includes the Ostrich, 
Rhea, Emeu, Cassowary, Apteryx, and the extinct Dinornis 
and its allies. 

The third sub-class, now extinct, the Saururas, is as yet 
only known to have contained that bird of the Oolite, the 
Archjcopteryx. 




Fig. 25 - The Oolitic Fossil Bird Fig 26 —The Fkilleh Lizard 

(A rJueopteryx). {Chlaniydosanrus). 


The class Reptilia embraces all the scaly, feathcrless, cold- 
blooded creatures, and consists of nine orders. 

I. Crocodilta. — An order containing only the Croco- 
diles, Alligators, and Gavials. 

II. Sauria.— A very numerous group, containing all the 

Lizards, sonic of which arc without legs, and might 
be taken for serpents : the two-armed Chirofes, 
the two-legged Bipes, IJa/is, the Amphisbena, the 
Chameleons, Geckoes, Iguanas, Monitors, Seines 
{Cydfldus.SLC.), theAgamas, the flying lizard, 
and the exceptional genus Sphenodon, 

III. Ophidia.— In which are placed the harmless Snakes 
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[Colub^r^ &c.)f the tree-snakes, the sea-snakes, and 
the very poisonous rattle-snakes {Crotalus), and 
Cobras, together with all other Serpents. 

IV. Chelonia. — An order containing the Land Tortoises, 
the Sea Turtles, and other fresh- water Terrapins, 
including the Matamata and the European Emys. 

V. ICHTHYOSAURIA. — A group made up of the extinct 
Jchtkyosaurt of the ancient seas. 



Fig. 27.— An Ichthyosaurus. Big 28 —A Plesiosaurus. 


VI. Plesiosaurta. — An order for the similarly extinct 
marine reptiles, the Plesiosauru 

VII. Dicyncjdon'J'IA. — Containing the genus Dicyiiodon. 

VI 11. Pterosauria. — The extinct Reptiles of the air, wdiich 
flew like our existing bats, and consisted of the 
genera Pterodactylus^ RhamphorhyncJins^ &c, 

IX, Dinosaurta. — An extinct order of large Reptiles, one 
of which, the Iguanodon, has left its bones on the 
Wealden formation of the south of England, 
nodon^ Compsognaihus^ and Megalosaums arc other 
interesting forms. 

The class Batrachia is made up of four w^ell-marked 
orders : — 

I. Anura. — The Frogs and Toads — a very uniform group, 
some genera of which, Ceraiophrys^ Ephippifer^ 
DactyletJi7'a^ Pipa, will be refened to hereafter. 

II. Urodela. — Or the Efts and Newts, amongst which the 
^ I niopomay MejiobrancJi 
the two-limbcd and 

the P7’otnts of the Austrian 



caves are worthy of special 
mention. 


Fig. zq — Thf gkfat North 
American Ei r, wnii 


III. Ophiomorpha.— This order ihRSRjriTNTGiLis(jy^'w- 
contains limbless Batra- 


chians with very elongated bodies, having much the 
appearance of small snakes, 

IV. Lapvrinthodonta. — These creatures arc entirely 
extinct, and form the genera Lalyi inihodon^ Aithe- 
gosauruSj &^c. 

The class Pisces has within it all the Fishes, p7‘opady so 


c 2 
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called^ excluding Whales and Porpoises (which, as we have 
seen, are Beasts or Mammals) on the one hand, and Shell-fish 
(which are Invertebrata) on the other. This class is divisible 
into the following great groups : — 

I. Elasmobranchii. — ^An order of highly-organized 
cartilaginous fishes — ^the Sharks (as Carcharias^ 
Cestraciofiy Spinax^ the Hammer-headed Shark, 
&c.), the Rays (including Raia^ Myliobates, Areto- 
bates^ &c.), and the Chimsera. 



Tie. — 7 'hii 7-1 a. mm er -headed Shark 



II. G^noidei. — An important order containing many ex- 
tinct forms, and a few very varied existing ones, as 
the Lcptdosircu^ CeratoduSy PolypteruSy LepidostcuSy 
the Sturgeon, &.c. 
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Ill, Teleostei. — The order containing the great bulk of 
Fishes, and including the more remarkable Siluroids 
(as Bagrus, &c.), the File-fishes 
\Balistes)y the Trunk-fishes {Ostra- 
cion), the Angler {Lophius), and 
Frog-fishes {Chironcctes), the Eels, 
Pike, Salmon, Carp, Hippocampus, 
Odontoglossumfia^ Soles, and other 
flat fishes {PleuronectidcB), the 
Parrot-fish [Scarus), and very many 
others. 

IV. Marispobranchii.— -The Lamprey and Myxine, or 
the lowly-organized cartilaginous fishes. 
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V. Pharyngobranch II.— -Containing only that headless, 
heartless fish without red blood — the Ajnphioxiis or 
Lancelet. 



Fig 35.— The Lampkey Fig 36 — ^Thf Lancelot 

( Petr&myzon), [A mp/uo^ns) 


The foregoing list has been given to render comprehensible 
the references to different animals which must be so often 
given in the succeeding lessons. 

In those lessons the several parts and organs of man’s 
body will be examined and described, not only directly, but 
also in the reflected light to be derived from a knowledge of 
the more remarkable conditions of the same parts in other 
animals. 

24. The organs of man's body may be divided into three 
classes : — 

I. Organs of Investment and Support (skeletal). 

II. Organs of Motion and Innervation, i.e. Muscular and 
Nervous Structures, and organs of special sense. 

III. Organs of Sustentation, i.e. nutritive, circulating, re- 

spiratory, and excretory structures. 

This division, however, is rather physiological than ana- 
tomical, so that a more convenient classification (the one to 
be adopted in the succeeding chapters) will be — 

I. The Skeleton, both internal {endoskcletou) and external 
{exoskeleton), 

II. The Muscular Structures. 

HI. The Brain and Nervous System. 

IV. The Organs of Sense. 

V. The Heart, Arteries, and Veins. 

VI. The Alimentary Tube and its appendages. 

VII. The Respiratory and Vocal Structures and the Excre- 
tory Organs. 
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LESSON II. 

K 

THE SKELETON IN GENERAL, THE INTERNAL SKELETON, 
THE BACKBONE, BREASTBONE, AND RIBS. 

I. The word Skeleton”* is popularly taken to denote 
only the bones, or at most the bone and gristle which form 
the internal support of the body. 

An acquaintance with other animal structures, however, 
shows that this signification is far too restricted ; for parts 
which are bony in man may be cartilaginous of gristle) 
or even merely membranous, in other animals j and conversely, 
parts sometimes quite external, which are merely fibrous in 
man, may be horn or bone, or contain bones and cartilages, 
in other animals. 

The nature and stiaicturc of fibrous tissue,® of cartilage, and 
of bone, have been sufficiently described in the first and twelfth 
lessons of the “Elementary Physiology.” It may, then, here be 
shortly stated that the word skeleton, in its widest and most 
scientific sense, should include not only the bones and car- 
tilages, but also those fibrous structures (or membranes) which 
surround such bones and cartilages, and thence radiating 
invest every organ of the body, and finally clothe- it externally 
in the form of skin. 

The whole skeleton, then, may be denoted by the term 
Fibro-chondr-'Osteal ^ apparatus. 

Fibrous tissue indeed penetrates the very' bones them- 
selves, and supports the marrow they contain ; it separates 
each muscle from its neighbour, and surrounds and lines every 
tube and passage in the body ; so that if every other tissue 
could be dissolved away and yet this fibrous tissue be left, 

* Derived from to dry. 

« Each kiiid of sub'^tance of which the body Ls composed is termed a Hssuc. 
Thus we speak of fibrous tissue and of osseous tissue or bone, also nervou<^ 
tissue, &c. 

3 Because partly fibrous, partly cartilaginous, and partly osseous. 
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we should have a complete outline model, as it were, of the 
entire human frame. 

Portions of this fibrous tissue which connect adjacent bones 
and cartilages become very strong, and constitute the “ liga- 
ments ” of the Joints of the solid skeleton. 

2. The skeleton as a whole is naturally divisible into tAvo 
parts, to be separately treated of. 

{a) The external, peripheral skeleton, often called the EXO- 
SKELETONji — the skin and its appendages. 

ip) The internal, central skeleton, often termed the ENDO- 
SKELETON.® 

The external skeleton will be considered afterwards. First 
in order is the skeleton commonly so called, i.e. the internal 
skeleton. 

3. The ENDOSKEI.ETON of man is composed of numerous 
bones, together with cartilages and fibrous structures. 

The number and nature of the solid parts vary with age. 
In the earlier stages of existence there are no bones at all, 
and the process of bone-formation (or ossijication) having once 
begun, goes on till the period of adult maturity is completed, 
and indeed, to a less extent, throughout the whole of life. 

Thus it happens that parts w'hich are membranous in the 
baby or cartilaginous in the youth, become bony in the grown 
man ; and a continuation of the same process tends to fuse 
together more and more, bones which at their first appearance 
were separate and distinct. 

Indeed, besides the coalescence of distinct bones, another 
fusion of bony structures occurs, Ihis is due to the fact 
that the ends, or projecting portions, of what arc essentially 
and ultimately one bone, arise as separate ossifications, which 
are termed cpiphysesi' Thus the ends of tlic long bones of the 
limbs arc at first separate bones from the main part (or shaft) 
of each long bone, and do not become continuous with the 
shaft till near man’s maturity. 

The hard parts of the internal skeleton being those which 
as a framework support the body, foim points of attachment 
for the muscles which move it ; the muscles employing the 
diffeicnt bones like so many levers, or fulcra, as the case 
may be. 

4. The great majority of the bones arc thus intended to 
move one upon another, and the contiguous surfaces of such 
movable bones form the “joints.” 

^ From without. » From ^v&ov, within. 

3 From fcTr/, upon, and to grou. 
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The nature and mechanism of the different kinds of joint 
have been described in the Seventh Lesson of “ Elementary 
Physiology,” as well as the different kinds of movement which 
the jointed bones are capable of performing. Joints may be 
{a) immovable, (d) mixed, or (c) movable. 

(a) When bones are immovably joined by an interdigi- 
tation of their irregularly shaped margins (like the bones of 
the roof of the skull), they are said to be joined by suture; 
but they may also be immovably united by a ridge, or tongue, 
on one bone being received into the grooved surface of 
another bone, 

{b) When the motion allowed is exceedingly slight (as 
between contiguous pieces of the backbone — or vertebrae), 
adjacent plain surfaces are connected together by the addi- 
tion of fibrous substance of one kind or another. 


{c) When the motion allowed is greater, the adjacent surfaces 
of the bones are coated with smooth cartilage, and motion is 
facilitated by a fluid called synovial.^ Sometimes a third 
and separated cartilage (termed inter-articular) is placed 
between the cartilaginous surfaces of the jointed bones. 

The most movable joints arc those in which the adjacent 
bones are articulated on the principle cither of a pivot (like 
that between the two uppermost bones of the neck), or of a 
^ hinge (like that of the elbow), 

^ socket (like that 

/ of the shoulder). 

^ ‘ / convex articulating 

^ i / surface be globular, it is termed 

^ head; if it be elongated it is 
called a condyle. If either of 
‘ ^ k these is borne upon a narrow 

^ portion of bone, this latter is 

Fig 37.—Articulation of a large called a UCCk. If a pullcy-llke 

?“'-face IS formed by such a 
the skin of a Siluroid fish. jiixtaposition of two condyles 

as to leave a depression be- 
tween them, such an articular surface is named a trochlea,^ 


The anatomy of animals (or zootomy) ^ as distinguished 
from the exclusive studv of man^s own anatomy (or aft- 
thropotomy*) shows us that bones may be united in ways 


’ From ervvt with, and wov, an egg. The fluid contained in a fibrous bag 
or sac. 

* From Tpo^of, a pulley , 

3 filiov, an animal, and cut. 

^ uv^lpwiroi;, a man, and Tf'pucd', to cut. 
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otlier than those observed in the human body. Thus some 
spiny bones of Siluroid fishes have a perforation at their 
base, through which passes a bony ring attached to a plate 
below — a shackle-joint. This structure, however, belongs to 
the external skeleton. 

5 . The parts of the endoskeleton may obviously be grouped 
into two divisions : — 

(a) The skeleton of the head and trunk, which is called 
the AXIAL* skeleton. 

{b) The skeleton of the limbs, which 
is called the appendicular skeleton, 
the limbs being regarded as appendages Mil 
of the axial skeleton. 

First with regard to the axial skele- 
ton. The skeleton of the head {Le. the 
skull) is supported on the very summit 
of what is familiarly known as the back- 
bone, while from each side of one region 
of the latter the ribs reach fomards to 
or towards the breastbone. 

The skull is of so complex a struc- 
ture as to require separate consideration. A 

The skeleton of the trunk only (that 
is to say, the backbone with the ribs 
and breastbone) will afford material 
enough for this lesson. 

6 . The backbone, or, as it is often 
called, the spine,® consists of a number 

of small bones placed one on the lop of cSlTl 

the other like a pile of coins. 

Each of these small bones is termed a 
vertebra, 3 and (with certain few excep- 
tions, to be noticed later) consists of a ^ 
sort of irregular ring of bone, thickest in ^ 
front, from which certain bony promi- Fig 38.— Axial skeleton 
nences stand out in various directions. of ^th?^right^ side 

By the superposition of their rings, removed to .show the 
they together form a long vertical canal vertebrae - more dis- 
(called the vertebral canal), which is 
destined to contain and protect the spinal marrow (or spinal 
cord). This series of vertebrae thus constitute the smaller, 

* From being the skeleton of what is, as it were, the axis of the body. 

* The word “spine” is, also frequently employed to denote any slender and 
more or less pointed prolongation of a bone. 

3 From vertere^ to turn, though the mobility of most vertebrae is but slight. 






Fig 38. — Axial skeleton 
of the trunk with the 
ribs of the right side 
removed to .show the 
vertebr® - more dis- 
tinctly. 
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posterior cylinder of the human trunk, spoken of in the First 
Lesson. 

The thickened anterior parts of the vertebras are also 
placed and adjusted one upon another, and by their super- 
position fonn a vertical solid column, namely, that spoken 
of in the first lesson as the partition separating the small 
dorsal cylinder from the larger ventral one. 

The thickened anterior part of each vertebra is called 
its **body” or centru7n'^ The ring of the vertebra (which 
springs from the centrum on each side of its posterior surface 
meeting in the middle line behind) is termed the arch and, 
because it contains part of the spinal cord, the neural ^ 
arch — ^thc spinal cord being, with the brain, the central part of 
the nervous system. 

The various bony prominences of the vertebrae are termed 
“ processes.” 

The vertebrae are connected by Joints of the second (or 
mixed) kind. Their adjacent surfaces are for the most part 
nearly flat, and we find interposed and connecting them a 
dense fibrous body or disc, toughest and hardest towards its 
circumference, with a pulpy substance in its middle. Each 
such body is termed an intervertebral substance. No syno- 
vial fluid lubricates the joints between the bodies of the 
vertebrae, though present between the junctions of some of 
the processes. 

The vertebrae are also held together by strong ligaments 
which pass vertically down the centra, both in front of and 
behind them. 

7 . The VERTEBRAE are divisible into five different categories. 

First come those of the neck, which arc termed cervical,^ 
They are seven in number. 

Secondly, those of the back, which have the' ribs attached 
to them, and which bear the name dorsal. Of these there 
are twelve. 

Thirdly, we find certain large vertebras which do not 
bear ribs : these are situate below the dorsal vertebrae, and 
are called lumbar. There are five of them. 

All the above vertebras are termed “true vertebras,” 
because they do not become anchylosed together, but remain 
connected by ligaments and by intervertebral substances only. 

Below these true vertebras come those which are called 
“false,” and which sooner or later anchylose together to fonn 
two bony masses. 

‘ Erom vevpov, a nerve. 


® From cervix ^ the neck. 
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The first of these two masses, termed the sacrum, comes 
immediately beneath the lumbar vertebrae, and affords attach- 
ment on each side to one of the haunch, or hip, bones. Five 
or six sacral vertebrae coalesce to form the sacrum. 

The second and much smaller bony mass, termed the 
coccyx,^ is made up of three or four small and imperfect 
vertebrae, named coccygeal. 

8. Before proceeding to consider more carefully the different 
vertebrae, a DORSAL vertebra may first be described as a 
type. 



Fi(» 39 — ^A Dorsal Vertebra. 

c*, centrum ; neural spino , </, tubercular or transverse process ; capitular 
process, or articular suiface for the head of a nb , small articular suifaie 
for part of the head of the succeeding rib , x,, upper .n ticular process, or 
pre/ygapophysis , r', lower articular process, or postzygapophysis 


From each outer angle of the posterior surface of its 
centrum there springs a pier of the neural arch. Each of 
these two piers is termed a pedicle. 

From the hinder end of each pedicle a flat plate of bone 
projects backwards and towai'ds the middle line, till the two 
plates meet and thus complete the neural arch. Each such 
plate is termed a “ lamina or neural lamina. 

At the point of junction of the laminae a single median 
process runs backwards and downwards. This is the spinous 
process^ or ne74ral spinel 

From the junction of each lamina with its pedicle another 
process, ending bluntly, juts outwards and backwards. This 
is called the transverse process^ and there are two to every 
dorsal vertebra. 

From the upper and outer part of each lamina a ^jmall 
process projects upwards, with a smooth surface on it which 

* From Its fancied resemblance to a cuckoo's beak— kokki/?, a cuckoo. 

- Sometimes neurapophysis, from vtvpov, a nerve, and IxTroipvaiQ, a proceso. 
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looks mainly backwards. This is called the superior articular 
process or prezygapophysis, and each dorsal vertebra has, 
of course, a pair of such. 

From the lower and outer side of each lamina a small 
process projects downwards, with a smooth surface on it 
which looks mainly forwards. This is called the inferior 
articular process^ or postzygapophysis, and there are two to 
every vertebra of the back. 

The articular surfaces of the two inferior articular pro- 
cesses are applied to the articular surfaces of the two 
superior articular processes of the next vertebra below. 
Ligamentous fibres bind together the margins of the apposed 
articular surfaces, between which is placed a sac containing 
synovial fluid. 

The upper margin of each pedicle is somewhat concave, while 
its lower margin is more so. In this way, when the vertebrae 
arc naturally articulated together, a rounded opening appears 
between each pair of adjacent pedicles. These openings give 
exit to spinal nerves coming out from the spinal marrow 
enclosed within the neural arches. 

Two other articular surfaces on each side should be noted : 
one at the outer side of the posterior and outer angle of the 
centrum at its junction with the pedicle, the other at thu 
anterior aspect of the end of the transverse process. The 
first of these articular sources is termed “ capitular^ and the 
second “ tubercular^’ for reasons which will appear later. 

The diameter of the centrum from side to side exceeds but 
little its diameter from behind forwards. 



Tig. 40.— -A Cervical Vertebra. 

c, centrum ; s, neural spine ; n /, neural lamina : posterior or tubercular 

tmnsverse process, or diapophysis , /», anterior (or c.apitular) transverse pro- 
cess, or parapophysjs ; d' and/', “tubercles ; prezygapophysis, 

9. Of the seven cervical vertebrae, the first two are 
sufficiently exceptional to demand separate notice. Any 

* P'rom irpoff, fyyov, a yoke, and U-n 



THE SPINAL SKELETON 


n.] 


29 


one of the other cervicals, when compared with a dorsal 
vertebra, presents the following characters : — 

The centrum is smaller, wider in proportion to its depth, 
somewhat concave from side to side on its upper surface, and 
from before backwards on its under surface. 

The neural canal and neural arch are wider, and the neural 
spine much smaller and shorter (except in the case of the 
seventh cervical vertebra), and often bifid, so that there are 
two irregular processes projecting side by side. 

There is no long transverse process, but a short one juts 
out from between the zygapophyses (therefore in the situation 
of the transverse process of a dorsal vertebra), and angther 
projects from the body at the root of the pedicle, just at the 
place where the capitular articular surface of a dorsal vertebra 
is placed, and so may be called the capitular process. These 
two short processes are connected towards their ends by a 
bridge of bone which extends backwards and somewhat down- 
wards from the capitular process to the posterior process. 

A space is thus enclosed on each side by the pedicle, the 
two processes and the bridge, and it is on this account that 
the cervical vertebrae are sometimes said to have perforated 
transverse processes. 

As these processes are superimposed like the vertebras that 
support them, these successive, small, bony rings form a sort 
of bony canal running upwards on each side of the neck-part 
of the backbone, and this canal serves to protect the vertebral 
artery which traverses it. The free end of each transverse 
process divides into two blunt prominences called ‘‘ tubercles.” 



Fig. 41 —The Axis Vertebra. 

( , centrum ; jp, neural spine ; tubercular process ; /, capitular process ; an- 
terior articular surface for atlas , js', postzygapophysib , odontoid process , 
hy\ median vertical ridge beneath centrum. 

TO. The second cervical vertebra is peculiar, differs from 
every other joint of the backbone, and has a special name, 
the AXIS. 
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It differs from all the other vertebras in having a large blunt 
process of bone (like a peg) continued upwards from its cen- 
trum. This is the odontoid^ process, and it has on its front 
aspect a smooth articular surface. 

The front surface of the rest of its body often bears a 
slightly marked median vertical prominence. 

The axis also differs from all the other cervical vertebra; 
in having its neural spine stouter and rather more projecting, 
though still bifid at its apex. Moreover there are no pre- 
zygapophyses, but instead, there is on each side a large 
articular surface in front of the root of the capitular process. 

II. The first cervical vertebra is also quite peculiar, and 
bears the special name “ATLAS,” because it supports the 
head. 



Fig. 42.— The Atlas Vertebra. 


5, rudiment of neural spine , tubercular process ; capitular process ; <t, ar- 
ticular surf.ice for skull ; ky^ plate of bone holding the place of a centrum, and 
articulating with the odontoid process of the axis vertebra 

It differs from every other vertebra in having no true centrum, 
its two lateral halves being connected together in front by a 
plate of bone, which articulates by its hinder surface with the 
front surface of the odontoid process of the axis, while its 
own front surface dcvelopes a slight median prominence. 

While in the axis the neural arch is slightly deeper and the 
neural spine larger than in the other cervical vcrtebrcc, in 
the atlas the neural arch is much more slender, while the 
neural spine is absent, or represented by^ a small tubercle 
only. The neural arch is either perforatea or deeply notched 
above, just behind the root of the transverse process, which 
is longer and larger than in the other cervical vertebrae. 
ZygapophysefS are entirely wanting, but we find a large 
articular surface developed both below and above the root of 
the transverse pro'^ess of each side. 

The two lower of these articular surfaces join those before 

* From odoitf,, a tooth, and el&or;, form. 
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mentioned as correspondingly situate on the axis vertebra. 
71ie upper pair of surfaces, which are larger and more 
cup-shaped, articulate with two prominences on the base of 
the skull. 

The atlas vertebra is formed to turn on the odontoid pro- 
cess of the axis as on a pivot. This is further explained in 
the Seventh Lesson of Elementary Physiology.” 

12. Having noted the characters of vertebrae above* the 
typical dorsal ones, those below {Le, the lower dorsal and 
lumbar) come next. 

The lower dorsal vertebrae have their centra larger than 
those of the upper, while their transverse processes become 
shoitcr, and their articular processes change their direction, 
the upper zygapophyses looking obliquely inwards, the low*er 
ones obliquely outwards. Finally, their neural spines project 
less downwards. 

In the last dorsal vertebra a small rounded prominence 
arises from the posterior margin of each upper articular 
process. This prominence is termed the mammillary process, 
or Metapophysis.^ 

Another small prominence projects backwards from 
between the upper articular process and the transverse pro- 
cess, and is called an Anapophysis.^ 



Fic. 43 — A Li'mdar Vertebra. 

r, centrum, s, nciiial ‘?pine ; /*, tubercular process, jsr, prerygapophysis . 

s', post/j’gapophysis ; in, luetapophysis , a, anapophysis. 


The LUMBAR VERTEBRi^: have their centra still more mas- 
sive than the dorsal centra, and deeper in front than behind. 

The neural spines are all more massive, and project directly 
backwards instead of downwards. 

The transverse processes are larger, and there are no tuber- 
cular or capitular surfaces, and no process in the place of 
the latter, as are found in the cervical vertebrae. 

* From fierti, after, and apoj^hysis. * From dvd, backwards. 
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Metapophyses and Anapophyses, visible on the first lumbar 
vertebra, disappear on lower ones. 

13. Below the lumbar vertebrae comes a solid complex bone 
before mentioned — the sacrum, of a roughly triangular form, 
with one angle downwards. Its front surface is strongly con- 
cave vertically, less so transversely. It is really made up of 
five vertebrae fused together, and plain traces of its original 
composition remain in the fully ossified bone of the most 
aged individuals. 

The centra diminish in size from above downwards through 
the sacral series. 

The neural canal, completed as usual (?>. by bone) above, 
remains unossified and closed by membrane only at the lower 
end of the sacrum, through the imperfect development of the 
neural arches of the inferior sacral vertebra?. 

Neural spines form a median, backwardly projecting ridge 
behind the sacrum, which ridge projects most above. 

Transverse processes are largely developed, especially 
above. By their anchylosis they form the lateral masses of 
the sacrum. 

On both the anterior and posterior surfaces of the sacrum 
four apertures, one oeiow the other, are visible on each side. 
This appearance is produced by coalescence of the sacral 
transverse processes, thus : — 



Fig. 44.-- Front and Back Aspects of the Sacrum 

a, auricular surface ; z, prezygapophys's at upper end of posterior surface 
of sacrum 


Nerves, as before said, pass out on each side between the 
pedicles of adjacent vertebrae. Now the coalescence of the 
sacral transverse processes necessarily changes each such 
intervertebral opening into a pair of openings, of which one is 
dorsal and the other ventral. 
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At the summit of the sacrum is a pair of articular pro- 
cesses, which join the lower articular processes of the last 
lumbar vertebra. 

The lower end of the sacrum is devoid of similar pro- 
cesses, or has them only represented by rudiments. 

On each side of the upper part of the sacrum is a large 
irregular surface, which is coated with cartilage, and articu- 
lates with the hip or haunch bone. This is called the 
auricular^ surface. 

14. The last part of man’s spine is, as has been said already, 
the COCCYX, which consists usually of four rudimentary 
vertebrie, completely or partially united 
so as to form a small conical bone. 

Its uppermost part (/.<?. the first 
coccygeal vertebra) articulates with the 
lower end of the sacrum, not only by 
its centrum, but also by two little arti- 
cular processes ; it has besides two —Tue Coccyx 

rudimentary transverse processes a.nd .ts upper end are ti.e 
rudimentary pedicles, between which two pre/ygapophyses. 
latter membrane alone extends to close 

the neural canal. Below this the coccyx is destitute of pro- 
cesses, and consists of but smaller and smaller vertebral 
centra fused together. 

Thus the last vertebra is the very opposite of the first (or 
atlas), being all centrum, while the atlas has no centrum at 
all. The coccyx usually becomes anchylosed to the sacrum 
about or after the middle of life. 

15. The WHOLE SERIES of vertebfK are so disposed that 
the backbone, when seen in profile, forms four sigmoid curves, 
directed alternately forwards and backwards (see Fig. 38). 
Thus in the neck it is slightly convex forvrards, more 
convex backwards in the dorsal region, rather strongly 
convex forwards in the loins, while below this the terminal 
part of the column sweeps round in a more marked curvature 
concave in front, the coccyx continuing onwards the vertical 
curve of the sacrum. 

These gentle curves together form a line of beauty, and 
give to the vertebral column a strength ten times greater 
than it would have w^ere it quite vertical. 

The thickness of the front part of the backbone (formed of 
the vertebral centra) increases slowly downwards to the 



* From its resemblance to the outline of t’le external car. 
D 
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summit of the sacrum, and then decreases very much more 
suddenly. 

The anterior surface is broadest at the neck, the loins, and 
sacrum, and bears no median prominences. 

The posterior surface bears a median series of spines, which 
are longest in the last cervical vertebra and in the trunk. 
They are all directed either downwards or backwards — never 
upwards. 

The true vertebrae, except the first two, are locked together 
by articular processes and by the bodies, which latter are 
united by intervertebral substances. No other articulations 
exist between them. 

i6. The breastbone, or sternum, extends along the front 


flur 



Fig 46 —Right Side of the Thorax 
X— 12, the ribs ; ms, the manubrium ; jrp, the Xiphoid process 

of the trunk in the middle line, but its size, com- 
and importance are very much less than the back- 

It receives the ends of the upper ribs, protecting the chest 
in front, and sheltering the heart. 


portion 

plexity. 

Donees. 
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The bone is flat. Of nearly equal width for the greater 
part of its length, it broadens out above and narrows greatly 
at its lower end. 

The broad upper part to which the first rib is annexed is 
called the manubriutn ox pre-sternum ^ 

The narrow lower end, which projects freely and remains 
cartilaginous till late in life, is called the xiphoid"^ process. 

17. The RIBS are long, slender, curved bones, which extend 
from the spine, and some of them join the breastbone or 
sternum. They are twelve in number on each side. The 
seven upper ribs on each side join the sternum by cartilages, 
and are termed true ribs.^^ The five lower ribs do not join 
the sternum, and are called "false ribs.^' The first rib is 
much stouter and shorter than the others. 

Each rib, or costa (except the last two on each side), has a 
double attachment to the backbone. At its hinder end is a 
rounded head , which articulates with the capitular surface 
of the dorsal vertebrae. A little distance from this there is 
on the outer side a rounded articular prominence called the 
" tubercle^^ w^hich joins the articular surface on the anterior 
side of each transverse process of the dorsal vertebrae. 
Between the head and tubercle is a narrower interval called 
the " neck,^^ 

Each rib ends at its ventral termination in an elongated 
cartilage called " costal” Those costal cartilages which are 
attached to the true ribs, have somewhat pointed inner ends, 
and these join the sides of the sternum. Those of the false 
ribs cither (as those of the upper three) blend with the lower 
border of the costal cartilage next above, or else end freely in 
a blunt point. The backbone and breastbone, with the ribs, 
form together a sort of bony cage, called the skeleton of the 
thorax^ which is narrow above, broad and widely open 
below, and wider at its greatest breadth than it is deep at its 
greatest depth from before backwards. 

This variation in its dimension from above downwards is 
produced by the corresponding variation in the length of the 
ribs, which increases from the first to the eighth, and then 
gradually decreases. 

18. The DEVFXOPMENT of the skeleton of the trunk, or 
spinal endoskeleton, is briefly as follows : — 

From each side of the primitive groove, mentioned in the 
First Lesson, a longitudinal fold extends up on each side 

* A handle ; manus^ a hand ® From a sword ; €(do^, like. 

3 From $wpa^, a breastplate. 

D 2 
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(called lamincB dorsales)^ and these meeting above form a 
canal (the neural canal), while beneath the primitive groove 
runs the notochord, or chorda dorsalis. 

Two other longitudinal folds (called lamince ventrales) 
extend down — one on each side from the notochord — and 
ultimately meet below. Each lamina ventralis splits longi- 
tudinally (the split extending up towards the notochord), the 



Fig. 47.— Diagram of fhf Develofment of the Trunk and it«? Skeleton 

AS SHOWN IN A SECTION OK THE TkUNK MADE AT RIGHT ANGLES TO I'l S 
LONG AXIS 

/</, lamina dorsalis ; «<r, the neural canal ; ft, the notochord ; cartilage ex- 
tending dorsally and forming the foundation of the neural lamina cartilage 
extending ventrally m /vf, which represents the miter part of the split wall ot 
the ventral lamina , ivt, the inner part of the split wall of the ventral lamina, 
forming by ventral union with its fellow on the opposite side the alimentary 
tube , />/, the pleuroperitoneal space between the outer and inner split walls of 
the ventral laminie. 

inner fold of each such split uniting with its fellow of the 
opposite side to form the alimentary canal, while the two 
outer folds of the split form the body wall. 

Cartilage becomes deposited at intervals along each dorsal 
lamina, and surrounds and encroaches on the notochord, so 
that we come to have a series of cartilaginous segments 
(representing the future vertebrae), the neural laminae of 
which are in the dorsal folds. 

Similarly, cartilages extend down in the outer part of the 
split wall of the ventral laminae. These are the cartilaginous 
predecessors of the ribs, which, by their fusion in the mid- 
ventral line, form the sternum. 

Bone is deposited in the centra (nothing of the notochord 
being left but the pulpy substance in the middle of the inter- 
vertebral substances), in each neural arch, in each rib, and in 
successive portions of the sternum. 

Besides these separate ossifications there are also the 
epiphyses, which long remain distinct as bony discs, one above 
and one below each centrum ; and there are also epiphyses 
in the form of little bony caps to the various processes. The 
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transverse processes of some at least of the cervical vertebrae 
arise as distinct ossifications, as also do the lateral bony 
pieces in the sacrum. 

In the axis vertebra not only do the transverse processes 
arise as separate ossifications, but primitively both the body 
and the odontoid process are distinct bones, and even an 
epiphysis is formed between them, as well as below the cen- 
trum and at the summit of the odontoid process. 

The anterior part of the ring of the atlas also arises as a 
separate ossification. 


19 . We will now pass on to the relations existing between 
OTHER ANIMALS and man with regard to the spinal skeleton. 
As most animals have their bodies horizontal, confusion in 
descriptions is apt to arise from parts being “anterior” in 
them which in man are “ superior,” and viu ve7'sd. To avoid 
this ambiguity, it will be well to imagine an axis drawn at 
right angles to the general direction of the backbone. Then 
all parts which in man are relatively superio7% and in beasts 
ixnlerhr^ can be termed pre-axial in all cases ; and similarly, 
parts relatively inferior in man, and in beasts posterior, can 
be spoken of as post-axial : such terms referring not to the 
long axis of the skeleton, but to the imaginary line drawn at 
right angles to it. 

In that man^s spine is made up of distinct and ossified 
vertebra;, man agrees with the vast majority of the members 
of his sub-kingdom. Yet, in the class of Fishes, there are 
many examples (as in the Sturgeon, Lcpidosiren, and Lam- 
prey) of the persistence throughout the whole of life, of the 
notochord, or chorda dorsal ts^ of the embryo. Moreover, 
when the spine is fully ossified, and even in man’s own class 
(Mammalia) it may be that the greater number of the ver- 
tebrae are anchylosed together into a solid bone, as in the 
extinct Glyptodon 

Instead of being connected as in man, the adjacent 
vertebrae may be connected only by synovial sacs, as in 
Snakes, or by intervertebral substances, perforated in tin 
middle ; and such sacs (as in Birds), or a large part of th( 
primitive notochord (as in most Fishes), may persist betweei 
each pair of bony centra. 

That degree of union which exists among the differen 
parts of one vertebra in man, does not by any means obtai' 
jn all cases. Thus, in the extinct Ichthyosaurus the neura 
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arch was permanently distinct from {i,e, unanchylosed with) 
the centrum, and in the Carp the transverse processes are 
separate. Even the neural arches may be made up of two 
separate pieces on each side, as in Elasmobranch fishes, e,g, 
Raia and Spinax. 

That degree of adjustment of parts which exists in each 
vertebra of man is not universal. Thus, eg, we find in the 
Tortoises neural arches so shifted as to be respectively 
annexed to two centra, and thus the intervertebral foramen 
comes to be placed opposite the middle of each vertebral 
body. 

A similar displacement takes place in the upper parts of 
the divided neural arches of the Elasmobranchs just referred 
to, so that the parts are united by a zigzag suture. 



Fic. 48 —Axial Longitudinal Section of the Vertebral Column of an 
Elasmobranch {Rmd) 

i, one of the centra which, bemR bi-concave, forms lozenge-shaped sections })y its 
junctions with the concave surface^ of adjacent vertebral centra , a neural 
spine ; «2* o"® dorsal parts of a neural lamina, one of the ventral 

parts of a neural lamina 


20. The NUMBER of vertebrae in man is far less than exists 
in most Vertebrates, though more than in some. No Verte- 
brate has much less than a third his number — even the Frogs 
having ten. 

On the other hand, some sharks have more than eleven 
times as many vertebrae as man, and some serpents more even 
than a dozen times his number. 

Man has the smallest number existing in his own class, 
with the exception of some Bats and Monkeys. 

21 . The division of the vertebrae into the five categories 
of man’s vertebral column is common to most forms above 
P'ishes, but we may find the lumbar vertebrae indistinguish- 
able and the sacral absent ; and in Fishes we can hardly 
define even a single cervical, the vertebrae being reduced to 
but two categories, namely, those >pf the trunk and those of 
the tail. 
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The division of the vertebrae into true and false is seen to 
be a very arbitrary one when we extend our view, as all are 
“ true ” in Serpents, and those which are “ false ” in man are 
true even in some members of his own class, e.g, the 
Cetaceans. On the other hand, many vertebrae which are 
reckoned to be true in him are false ” in other animals. 
Thus, in Birds the process of anchylosis invades the lumbar 
and dorsal vertebrae. In Tortoises all the trunk vertebrae are 
fused, and therefore false,” while in the Glyptodon none 
of the vertebrae except the coccygeal can be said to be 
‘‘ true ” ones. 

Again, vertebrae may be more thoroughly “ false ” than even 
m man, as in the sacrum of the Rhea (or American 
Ostrich), where between the hip-bones they abort, and are 
represented only by a long narrow strip of bone. Distinct 
vertebrae are developed both pre-axially and post-axially to 
this strip. ‘‘ Degradation ” is a constant character of the 
last vertebrae in all classes of Vertebrates. 

22. As to VERTEBRAE in GENERAL, the neural arch is the 
constant character of a vertebra — persisting even where {eg, 
in Lepidosiren) the bodies are not formed. 

Two neural arches may correspond to one centrum, as 
in some Elasmobranchs ; and merely cartilaginous neural 
arches may exist, as in the Sturgeon. The arch may present 
processes which are not developed in man. The two laminae 
may (as on the Axolotl) fail to meet together on the dorsal 
aspect. 

The centrum, or body, may have its opposite surfaces 
strongly convex or concave, contiguous vertebrae uniting by a 
ball and socket joint, instead of being flat or nearly so, as 
in man. 

The ball may be post-axial in each vertebral body, a struc- 
ture termed proccelous,^ and found eg. in existing crocodiles ; 
or the ball may be pre-axial, which condition is called opts- 
thoccelous^ and is more rare, but is found e.g. in the land 
Salamander, and even in man^s own class, as in the cervical 
vertebrae of the Ruminants. 

The vertebrae may have both surfaces hollow, a structure 
called amphicoelous ; 3 or bi-concave, a condition found in 
most Fishes, and even some Reptiles, as the Geckoes. The 
osseous bodies may be reduced to mere rings encircling the 

* From irp^, before, and koIXo^, hollow. 

* From Qirtafiv, behind, and kuiXoj,*. 

3 From both, and kuiXo^*. 
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notochord, as in some Elasmobranchs, or to mere cartila- 
ginous rudiments in its sheath. 

Sometimes (as in the first coccygeal vertebra of the croco- 
dile) a vertebra may be bi-convex, or have a ball at each end ; 
and very rarely two prominences or two hollows may exist 
side by side on one surface of a centrum, as in some cervical 
vertebras of ChelonianS. 

The articulating processes (zygapophyses) are very con- 
stant structures, and are substantially as in man, except that 



T'k; 49 — Lateral View of four Trunk-Vertebrae of Siren. 
c, capitular process ; tubercular process ; i, interzygapophysial ndge. 

in fishes they cannot be said to articulate truly. A strong 
interz>gapophysia] ridge may connect together the pre- and 

post-zygapophyses of each 
side of a vertebra, as in 
Siren. 

The transverse processes 
are structures too complex 
to be more than referred to 
under this general heading. 
The conditions exhibited by 
them in man are such as 
obtain generally, but by no 
means universally, in Verte- 
brates above fishes. Two 
transverse processes may be 
developed from each side of 
the same vertebra and in 
the same plane. This may 
be seen in the posterior coc- 
cygeal vertebrae of Apes and 
other Mammals, and at least 
occasionally in some verte- 
. brae of Polypterus, 

The spinous processes of man are less developed than in the 
Vertebrata generally. They are, however, considerably more so 





Fig 50. - Upper Surface of Twelfth 
Caudal Vertebra of Leopard, §. 
w/, metapophyses ; /, processes serially 
continuous with those which support 
the posterior zygapophyses in the an- 
terior vertebra . /*, ti^ansverse processes ; 
t\ anterior transverse process. 

(From Prof, Flowers ^'Osteology.**) 
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than in many Vertebrates,^.^, than in Bats and Birds. Their 
occasionally bifid condition in man may be repeated in much 
lower Vertebrates {e,g. Axolotl), and sometimes (as in Poly- 
pterus) there may be two neural spines to one vertebra, one in 



Fig 51 -Dorsal view of Sixth, Seventh, 
and Eighth Post Sacral Vertebrae of 
the Axolotl, showing the laterally bi- 
furcating neural spines, each concave 
at Its extremity. 

{From the College of Surgeons ' 
Museum ) 



Fig. 52. — Six Trunk-Vertebra, op* 
Polypi erus. 

The third and fourth vertebrai have 
each tw o transverse processes and 
four ribs on the side shown , the 
third vertebra has also two neural 
spines Jf, neural spine , lower 
nbs. The senes of upper ribs is 
not distingui^hecl by any letter 
{From the College of Surgeons' 
Mraeu/n ) 


the front (/>. pre-axial) of the other. Indeed, in the Conger \vc 
have two such projections from each side of the neural arch. 

In certain flat fishes they may be detached from the arches 
and intercalated between them. They may expand and 
simulate dermal scutes, as in the Tortoises. They may project 
through the skin of the back, as in the Potto, or be produced 
into long, free filamentary processes, as in the Lizards called 
Basilisks. 

The intervertebral foramina of man are normal, but in 



tiG 53.— -Seven 'Iruiik- Vertebrae of the Pi*tio, showing the nervous perforations 
in the neural lain mac. 

some animals, even so nearly allied to man as the Potto, 
also in the Horse, Ox, Monotremes, and others, the nerves 
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pass out through perforations in the neural arches them- 
selves, and not between the notches of contiguous arches. 

There may be additional parts and processes which are 
quite wanting in man, except as represented by the slight 
median ridge in front of the axis vertebra. 

Such are the processes (sometimes median and azygos,* 
sometimes paired) which appear on the ventral aspect of the 
centrum in many animals, and which are termed hypapo- 
physesJ^ They may exist as single processes, as in the Hare 
and in poisonous Serpents, which have them developed 


s 



Fic, 54 — Antekior Surface of the 
Lumbar Vertebra of Hake 
iimid/ts). 

j, sp'nous process ; m, metapophysis , az, 
a iterior /ygapophysis . i, transverse 
process ; A, hypapophysis 
{From Prof Flower's '^Osteology") 



oi< LiiorAKD. 

w, metapophysis ; processes 
serially continuous with those 
which support the posterior 
rygapophysc'* in the anterior 
veiiebra , A, hypapophyses. The 
rocess on the side of the body 
etween m and h is the anterior 
transverse process 

{From Prof FlowePs * ^Osteology.**) 


throughout the greater part of the vertebral column. In the 
harmless snake Rachiodon some of these processes extend 
into the oesophagus (swallow), and becoming Coated with a 
toothlike substance, act as teeth. Hypapophyses may be 
developed as paired processes, as in the coccygeal vertebrae 
of many beasts, or they may be in the form of Y-shaped 
arches, as we commonly find them beneath some or other of 
the coccygeal vertebrae when these latter are large and 


numerous. 

23 Dorsal vertebra®, if by that be meant “vertebrae 
bearing ribs,’^ are constant parts in all Vertebrates, save 
those in which, like the Lancelot and Marsipobranchs, neither 
vertebrae nor annexed lateral and body-encircling structures 


* AzygoSj, from A, not, and Onog, a fellow. This term is applied to parts 
which are single, as opposed to tho«e which exist in pairs. 

* From tiro, under, and apophysis. 
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become distinctly solidified. Inasmuch, however, as man’s 
dorsal vertebrae form a series the first of which bears ribs 
which join a sternum, man agrees with all Vertebrates (ex- 
cept Serpents) above the Ichthyopsida ; but he differs from 
the whole of the last-named vast group, as in that group 
there is either no sternum or else no ribs which join it. 

In their number ih^ vertebrae of man are a little 

below the average of In, ci.i^ , in which the number may 
be augmented to twenty, as in Elephant, or doubled {i.c. 
twenty-four) as in the Two-toc<., . loth, or on the other hand 
reduced to ten, as in Azara’s Annadillo. * o :ng the 

condition existing in man with that in the Nc < l-.mmalian 
Vertebrates above Fishes, we find his number to be smaller 
than that in most Reptiles, but somewhat greater than in 
Birds, where, on account of the prodigiously enlarged sacrum, 
but three (c.g. Ciconia alba)^ seven or nine, or, very rarely, 
eleven vertebrae are reckoned as dorsal. 

In the main proportions of the centrum (the greater 
height in proportion to breadth, smaller medullary canal, 
elongated spinous processes, the articular process, short 
transverse processes, and considerable lateral notches), these 
vertebras in man agree with those of other Mammals. 

Often, however, the spinous processes may be very much 
more prolonged, as in the Ungulata (e.g, the Ox and the Horse), 
or they may be swollen at their summits, and more or less 
anchylosed together, as sometimes in the true Opossums. On 
the other hand, they are sometimes almost or quite absent, 
as in Bats. 



Fig 56. -Diagram of a Section of Shell of a Tortoise made trank 

VEKSELY TO THE I-ON& AXIS OF THE SKELETON, 

nsy neural spine ; rib ; ic and ventral plates not belonging to the true axul 
skeleton. 

The most remarkable modification of dorsal vertebrae is 
that in Tortoises and Turtles, where the neural spines ex- 
pand at their summits into wide plates which articulate by 



44 


ELEMENTARY ANA TOMY. 


[less. 


suture with each other and with similarly expanded ribs, to 
form the “ shell ” or carapace. These plates are so externally 
situate as to be invested only by a horny form of skin. 



Fig. 57.~Dorsal Surface of a Smfxl of a Fulsh-water Tortois* 

j —8, expanded neural spines ; r* — expanded ribs. (The dark lines indicate 
the plates of the horny investment of the skeleton } 


The transverse processes generally articulate with the 
tubercles of the ribs, while the sides of the bodies bear 
the heads of the ribs. This mode of articulation, however, 
is not constant even in man’s own class, as in the posterior 
thoracic vertebrae of the ordinary Dolphins, where there are 
no surfaces for the heads of ribs, the ribs are 'attached to the 
ends of the transverse processes only ; while in the Sperm 
Whale group (Physeterida) the ribs are attached exclusively 
to parts which answer to the capitular surfaces of man. 

The notches for the spinal nerves, as has been said, arc 
not constant structures, but sometimes are replaced by 
direct perforations of the neural laminje. 

The flatness of the surfaces of the vertebral bodies in man 
is a condition constant in his class, but in Birds these 
surfaces are concave in one direction and convex in another. 
A ball and socket or a bi-concave articulation is to be 
found in yet lower forms. 

That the only articular ^ vertebral processes are the 
zygapophyses, is a character man shares with most of his 
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class. It is possible, however, for the neural spine to send 

back a pair of processes (hyperapophyses % 

as in Galago, &c., embracing the neural 

spine next below, or, as in. Dolphins, that 

a pair of metapophyses may project pre- <^^22 

axically from one spine and embrace that 

of the next vertebra. These, however, do ^ 

not support articular processes, and are 

rather checks than joints. 

But a much more complex mode of arti- 
culation is possible. Thus, in Serpents and 
Iguanas we may have a median prominence 
with two articular surfaces, developed from 
the pre-axial surface of the neural arch, and 
fitting into a corresponding concavity on the 
post-axial surface of the vertebra in front. 

This pre-axial wedge-shaped process is 
called the zygosphene,^ and the correspond- 
ing post-axial excavation is termed the 
zygantrum.3 ^ 

The maximum of dorsal joint complica- fg F m 
tion, however, is found in the last dorsal 
vertebra of certain Edentates, e.g, the Great 
Ant-eater. Here each postzygapophysis 
develops two additional articular surfaces, a, 
one on each side of a notch, which receives 
a process from the pre-axial side of the I A 
neural arch, which process is furnished with ' 
two corresponding surfaces — there thus 
being three articular surfaces on each side 
of such vertebra, fitting into corresponding /, P 
surfaces of the vertebra adjacent in the KMwj 
mode known in carpentry as “ tenon and 
mortice.” llfflfc 

In so far as man^s dorsal vertebra are all 
free (/>. true vertebrae), he agrees with other (ja|l|7 /pj 
\^ertebrates, except such abnormal forms as 
Chclonians and the Glyptodon, and except 
also Birds, in which anchylosis unites a xSilfiF 
greater or less number of the vertebrae next 
the lumbar region. Fio. 58 —Simnai. 


' From wTTfp, beyond, over, and 
* Krom Ci'7ov, a yoke, and , a wedge. 
3 From Ci» 7 dw, and airpov, a cavity. 


Flo. 58— SlMNAl. 
tOIDHN OF 
Galago. 

as, postrygapophytes ; 
/;, Syp'erapophysea. 
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Those small and insignificant processes which make their 
appearance as mere rudiments on the last dorsal of man are 
commonly much larger in other Mammals, and may be 
exceedingly developed ; as, however, they attain their maxi- 



Fjt;, eg — FrONT AND BaCK VlFAV OF A VERTEBRA OP A RaTTLE-SNAEE 
{Crotahts). 

c (in left hand figure), concavity of pre-axial surface of centru.;* , (in right 
hanvl iigiirc), convexity of post-axial surface of centrum,* s, neur. sjune; ky, 
hypapophysis ; s', post-zygapophysis ; /*, tubercular process , i , capitular 
process , /3, peculiar extra transverse process ; za, zygantrum ; zs, zygosphcne. 

mum in the lumbar re;*, ion, they will be better described 
hereafter. They are not certainly ])r(isent in Vertebrates 
below Mammals. But in some Chamelcuns (e.g. C Farsonii) 



I'lo. 6o.— -S ide View of Twelfth and Thirteenth Thoracic Vertebra!: of 
Great Ani -eater {Myrmccophaga jttbaia), f 

metapophysis ; tc, facet for articulation of tubercle of rib ; cc, ditto for capitulum 
of rib; rtxr, anterior zygapophysis , az'^, additional anterior articular facet; 
posterior zygapophysis ; /z* and /z®, additional posterior articular facets. 
{From Professor Flowers Osteology *") 

a prominence is developed from each prozygapophysis, which 
may be a metapophysis, and this attains a very great size in 
some Colubrine snakes. In Birds such a process exists, 
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though less developed, in the posterior cervicals of the 
Great Auk. 

The articular surfaces which support the ribs in man are 
normal in his class. Sometimes, however, each vertebra 
carries but one surface — that for the head of the rib (as in 
the Dolphin). The two articular surfaces may coexist at 
different levels on one single process, as in the dorsal verte- 
brae of the Crocodile; or they may be in close apposition, 
and, as it were, fused together, as in Serpents ; or they may 
be raised on two quit6 distinct processes — one dorsal, the 
other ventral — as in the Ichthyosaurus and in Menobranchus, 

We find in some serpents peculiar processes (Fig. 59, 
extending ventrally and pre-axially from the base of the 
inner side of the transverse processes. 

The even surface of the anterior (ventral) aspect of the 
dorsal vertebrae of man is ver} different from what we find in 
some animals, as c.g, the Penguin, Cormorant, and many 
serpents, where there are long hypapophyses equalling or 
exceeding the neural spines in length. 

24. The CERVICAL VERTEBRAE of man, in that they are 
seven in number, conform to a law which is singularly con- 
stant in his class, whatever the length of the neck, whether 
it be extremely long, like that of the Giraffe, or like that of the 
Porpoise, reduced to a minimum. Nevertheless, this law is 
not absolutely universal, as there are one or two singular 
exceptions amongst Mammals. Thus the Three-toed Sloth 
has nine cervical vertebrae, while one of the Two-toed kind 
{Cholcepus Hoffmannii) and the Manatee have but six. 

In Sauropsidans the number is greater, and sometimes 
there are as many as twenty-five, as in the Swan. In Batra- 
chians but a single vertebra can be called cervical, and 
none merit the name in the class of Fishes. Nevertheless, 
the first three or four vertebrae next the head may, in some 
fishes, present a marked difference from those vertebrae 
which succeed, being much elongated and all united by 
suture, as in Fistularia and Bagt'iis,, and they may, as in the 
latter fish, develop a continuous hypapophysial canal. The 
second and third vertebrae may form a hollow bladder-like 
case of bone, as in Cobitis, or send outwards or downwards 
special processes, as in the Carp. 

In that the cervical vertebrae of man are smaller than 
tlmse in the other regions, he agrees with many animals and 
differs from many. They may be (as in Bats and in their 
extinct precursors, the Pterodactyles) absolutely larger in all 
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respects than any other vertebrae. They may be (as in the 
Giraffe, and indeed in Ungulata generally) larger than more 
post-axial ones. On the other hand, they may be excessively 
reduced — mere delicate laminae of bone, as in Porpoises. 
The free condition of man’s cervical vertebrae is normal and 



Fig. 6i — Skciion of most Prk-axial VERTEnRjG, AND PART OF Skull of 
Sii UROiD Fish, Bagrifs. 

{From Professor Owen's Archetype of the Skeleton.") 
nx^ v\ T/4, 7/S, vS and centra of the seven most pre-axial vertebrae; 
s, neural spine of second vertebra ; eo^ ex-occipital ; bo^ basi-occipital , hy^ hyp- 
apophysial plate extending along on ventral side of vertebral centra. The lateral 
parts of the first two vertebrae (between eo and i) are united by suture with 
each other and the skull. 

almost constant in his class. Not quite so, however, for in 
the true Whales they usually become anchylosed together, so 
as to form a sort of cervical sacrum. I hey may, on the 
contrary, be distinguished as the only free vertebrae except 
the coccygeal ones, as is the case in Tortoises ; and as in 
Birds, where the long and very mobile neck has to supply the 
place of an arm in supporting a beak which rivals in delicacy 
of action any hand and fingers known to us, as is manifest 
from the wonderful construction of their many kinds of nest. 

That part of each cervical vertebra which is called the 
body varies as to shape in the way just described in speak- 
ing of the cervical vertebras considered as w'hole and entire 
bones. 

The pre-axial concavity and post-axial convexity which the 
bodies exhibit, represent the much more marked concavity 
and prominence which we find in some Mammals, e.g. the 
Sheep and Horse. 

In the lowest Mammals (Echidna and Ornithorhynchus) the 
cervical transverse processes remain as distinct more or less 
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Y-shaped bones ; and we find the same in the Crocodile, 
where the free end of each Y-shaped bone is singularly pro- 



Fic. 6a. — S ection through Middle Line of united Cervical Vertebr.* 
OK Greenland Right Whale {Balana mystutus). 
a, articular surface for occipital condyle; epiphysis on posterior end of body of 
seventh cervical vertebra ; sn, foramen in arch of atlas for first spina) nerve , 
X, arch of atlas , a, 3, 4, 5, 6, conjoined arches of the axis and four following 
vertebrae ; 7, aurch of seventh vertebra. 

{From Prof FlowePs “ Osteology ”) 

longed in the line of the backbone — i.e. pre- and post- axially. 
In many lizards and birds the posterior cervicals bear long 



c 


Fig. 63 —Third Cervical Vertebra of a nearly full-growm Echidna {E, hystri.x), 
the different pieces of which it is composed being sliglitly separated from one 
another — neural arch. : Cy centrum , transverse process , 7/, arterial 
canal , nesy neuro-central suture. 

{From Prof. FloweFs ** Osteology.") 

ribs, and are only counted as cervical because their ribs do 
not join a sternum, which yet is attained by the ribs of other 
vertebrae. 


£ 
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The canal formed by the series of perforated transverse 
processes may be replaced by one excavated inside the neural 
arches, as in the cervical vertebrae of the Camels and Llamas. 

In some Cetaceans the external osseous boundary of the 
perforated transverse process is wanting, so that there come 
to be two elongated transverse processes on each side. 

The length of the cervical neural spines in man, though 
much greater than in many animals, is yet quite insignificant 
compared with the development they attain in certain Apes 
(Gorilla, Orang, Perodicticus) and in the true Opossums. 
Indeed, these animals show that the cervical spines may be 
the longest ones of the whole vertebral column. In the true 
Opossums and in some Armadillos their apices become 
anchylosed together. 

The bifurcation of the neural spines is can*ied further 
down the backbone (/.<?. extends to more vertebra;) in man 
than in any other mammal ; but this is not the maximum of 
complication of the part, as in the Howling Monkeys 
{Mycetes) we find a trifid spine. On the other hand, we 
often meet with a bifurcation in the dorsal and lumbar regions 
which is not present in the human skeleton. 

That faintly-marked prominence which exists in man in 
front of the prezygapophysis is really a rudiment of a meta- 
pophysis, as is plainly shown by the skeleton of the Spider 
Monkey {Aides), 



FiC 64 — -AXfS AND FOUR FOT.LOWIVG CERVICAL VeRTEBRAJ OF A SpIDER 
Monkey {^Ateles), 

w, metapophysib. 

The smoothness of the anterior surface of the cervical 
vertebral bodies in 'man is a great contrast to their condition 
in some animals (as e.^, in Birds) ; for prominences (the hypa- 
pophyses) on the post-cephalic vertebras may (as in Crotalus) 
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equal, if they do not exceed, the neural spines in length, 
liyperapophyses may exist upon the postzygapophyses of 
the anterior cervical vertebrae, as in the Dog. 

25. In the preponderating size of the lumbar vertebra 
man but exaggerates a character generally present in his 
class, but this preponderance is not universal, as is shown by 
ILits. Lumbar vertebrae are generally to be distinguished in 
Mammals, and in Crocodiles and certain Lizards, but not in 
any Ichthyopsidan. 

In Birds, lumbar vertebrae are present indeed, but disguised 
and hidden by exaggeration of the sacral anchylosis. 

The number in man is below the average of his class, 
though some Apes have but four, the Two-t6cd Sloth but 
three, and the Monotremes but two. 

The largest number in quadrupeds is eight, or sometimes 
nine, found in the Slow Lemur — which is very remarkable, as 
in that beast there are also sixteen dorsal vertebrae. There 
may indeed be as many as twenty-four lumbar, as in the 
Dolphins, though the limits of the region ai'e somewhat in- 
determinate in those animals. 

The spinous and transverse processes of the lumbar verte- 
brae are shorter relatively in man than in most Mammals, 
which also have them generally directed towards the head. 
The lumbar transverse processes may be excessively pro- 
longed, as in Cetaceans, and the last ones may articulate or 
anchylose with the sacrum, as in the Horse. 



Fig. 65.— Lumbar Vertebra? of the Great Armadillo {P^-iodontes). 

<, centrum; s, spine; A capitular process , s', postzygapophysis ; w, meta- 
pophysis ; a, anapopnysis , x^, four contiguous but distinct 

articular surfaces. 

{From the College of Surgeons' Museum.) 

The metapophyses and anapophyses attain their greatest 
length in the lumbar region : thus in the Armadillos the 
former processes equal the spinous processes in length, and 
£ 2 
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serve to support the bony shell of those animals. In Prio- 
dentes the metapophyses are enormous, and there are four 
articular surfaces on each side of each end of a lumbar 
vertebra. 

In addition to the complexity of articulation described as 
existing on the last dorsal vertebra of the Great Ant-eater, we 
find in this animal’s lumbar region an additional articular 
surface on each side of each transverse process. 

A long hypapophysis may be developed, as in the Hare. 
Instead of being free, as in man, the lumbar vertebrae may 
be anchylosed together and with other parts, as in Birds, the 
Chelonians, and Glyptodon. 


c 



Fig 66.— Pelvis of a Bird anchvlosed to the Lumbar Vertebra?. 

Hi,, last free dorsal vertebra; c, coccyge.il vertebras; f/, ilium. (For the other 
letters see Lesson V ) 

26. Inasmuch as the first two vertebree and no more are 
specially modified, man agrees with all birds and beasts, and 
differs from all below. The specialization may, however, be 
even greater than in hir^ as is the case with Chelonians, 
where each cervical has its own peculiarities. Thus in the 
common european Terrapin we find the fourth cervical with 
its centrum convex pre-axially, and concave post-axially ; the 
fifth is bi-convex ; the sixth is concave pre-axially, with a 
double post-axial convexity ; the seventh has a double pre-axial 
concavity and a double convexity post-axially ; the eighth has 
a double concavity at each end ; the ninth has a double 
pre-axial convexity and a single one post-axially, and also 
curiously arched post-zygapophyses. 

The A'l'LAS of man, in having no true body, agrees with that 
of all Vertebrates above the Ichthyopsida. In the highest 
member of that group, the Frog, the first vertebra has the 
neural arch attached to a centrum just as the other vertebrae 
have, and at the same time the power of rotation on the 
second vertebra is lost. 

In having two articular surfaces for the skull, man’s atlas 
differs from that of Birds and Reptiles, but agrees with that 
of Batrachians and some Fishes. 
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The total absence of articular processes is a character 
common to man’s class, but in Birds and in some Reptiles 
the Iguana) postzygapophyses are present. 

The spinous tubercle may be enlarged into a distinct 
pointed process, as in some Baboons. The neural spine may 
be detached from the neural arcs, as in the Crocodile and 
Tunny. It may, as in the fish Ephipptis^ be separated from its 
centrum by the intrusion of the skull wall ; the inferior tubercle 
may be drawn out into a long process, as in the Hare, or be 
doubled, as in the Duck-billed Platypus. Occasionally, as in 


■# 

Fig, 67.— Latekal, Dor.sal, and Ventral View of First Vekiebra ok 
A mphiUMia. 

Amphuima^ the body of the first vertebra may send out 
a process towards the head, reminding us of the odontoid 
process of the axis. 

The slenderness of the neural arch and transverse processes 
is exceptional in man. The arch may be open medianly 
above, as in the Frog. The transverse process is expanded 
into a large plate in almost all beasts below Primates, but it 
may be short and imperforate, as in the common Fin Whale. 

The canal for the vertebral artery is generally more com- 
plex (through increase of ossification) in beasts than in 
man, where indeed the osseous canal is simple. Transverse 
processes are also generally absent or rudimentary below 
Mammals, though the Crocodiles have them very long and 
nb-like. 

The free condition of the atlas is not universal, as it is 
anchylosed to the axis in the Dolphin, and with all the other 
cervicals in the Right Whale. It may be fused in one solid 
mass with the skull, as in the Sturgeon, or with a certain 
number of succeeding vertebrae, as in the Rays. It may be 
firmly united by suture with both, as in the Ganoid fish Bagrus 
(see Fig. 61). The anterior base of the atlas may be un- 
ossified, as in the Wombat, or may remain a distinct bone, 
as in the Thylacine. The real nature of this part will appear 
shortly. 
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27. In its marked peculiarities the AXIS of man agrees 
with that of almost all Vertebrates above the Ichthyopsida, 
where it is indistinguishable. As we have seen, however, it 
may, as in many Cetaceans, not remain distinct ; and even 
where it does remain distinct in them, the odontoid process 
is absent or very short. 

In the coalescence of that process with the centrum, man 
agrees with the immense majority of his class ; but in the 
Duck-billed Platypus it remains distinct as an odontoid boni\ 
as it does also in many Reptiles {e,g. Crocodiles, Chelonians, 
and Lizards), where, however, it remains closely connected 
with the body of the axis. 



Fig. 68 — Ati as and Axis Vertebrae op a Chelonian RErriLK. 

hypapophysis of atlas ; transverse process ; z, prezypapophysis ; z\ post- 
7ygapophysis ; Sj neural spine ; hy\ odontoid bone ; hypapophybU of 
true centrum of axis. 

{From the College of Surgeons* Museum.) 


The odontoid process may present a semi-cylindrical shape, 
as in the Sheep. 

The slightly increased size of the neural spine of man’s 
axis compared with those of his other cervical vertebras, is but 
a faint indication of the great predominance it attains in many 
Mammals — arching forwards and backwards over three or 
four vertebrae. Its apex may be trifid, as in Mycetes and the 
Potto. Single or double hypapophysial processes may be 
developed, and the transverse process may be long and large, 
as in the Monotreines, where it (as a short and wide rib) 
Remains for a considerable time distinct, and is attached to 
' ^wo superimposed transverse processes. 

In its freedom the second vertebra varies in the way already 
indicated in describing the atlas. 

28. The SIXTH cervical vertebra of man scarcely differs 
^ from the fifth, though the capitular root of the transverse pro- 
cess is slightly wider. This widening is a feeble indication 
of a marked and general mammalian condition, for (though 
not in the highest Apes) this root is usually much enlarged, 
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and forms a conspicuous plate, as e.g. in the Ox and Dog ; 
and even in the Dolphin, where the cervical vertebra are 
such thin plates of bone, the same root is suddenly enlarged. 

In no animal but man does the spine of this vertebra ever 
bifurcate. 

I'he SEVENTH vertebra sometimes in man has its transverse 
process imperforate, by the non-development of its capitular 
root. This condition, abnormal in him, is normal but not 
universal in the rest of his class. In other Mammals, as also 
in man, a short free rib may be attached to the transverse 
process of this vertebra ; and where, as in the Three-toed Sloth, 
the number of vertebrje is nine, it is the eighth and ninth 
vertebne which resemble in structure the sixth and seventh of 
man — thus showing that in this animal it really is the cervical 
vertebrae which are increased in number, and not that the 
condition has been produced by the first two dorsal ribs 
being imperfectly developed. 

29. The coalescence and degradation which characterize 
the SACRAL VERTEBR-® generally occur more or less in Verte- 
brates above the Ichthyopsida, which possess fully developed 
limbs. 

The coalescence is generally less extensive than in man, 
though sometimes (as in Birds, some Edentates, and some 
Reptiles) it is much greater. 

The sacrum of man is indeed a peculiar structure as regards 
the coexistence of characters each of which, taken separately, 
is shared by some or other members of his own class and order. 
The characters of which the coexistence is peculiar to him 
are : ( i ) The very marked sacro- vertebral angle. (2) The trans- 
verse and axial concavity of the ventral surhice of the sacrum. 
(3) The concurrence of as many as five, or even six verte- 
brae in its formation — three of them generally contributing to 
fonn the auricular surface. (4) Its relative breadth, and the 
gradual way in which it narrows post-axially without any 
sudden contraction. (5) The large size of the foram na. 
(6) The small development of the spinous and other processes. 

This region may, however, be more exceptional and pccu-’ 
liar than in man, as eg, in the Rhea, where the vertebral inter-' 
space between the haunch bones is filled by a very narrov 
continuous ossification without a trace of division 
vertebrae. 

The sacrum of man may be looked at from two points of 
view, and it is very difficult to determine what parts really 
answer to it in many animals. 
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Thus : (A) it may be looked at with regard to its relation to 
the nerves which pass out through its foramina in front or, 
(B) with regard to the skeleton only, and this again from three 
other points of view : (i) with regard to the skeletal ele- 
ments which comprise it ; (2) with regard to its connexion 
with the hip-bones, and (3) with regard to the bony union of 
more or fewer vertebrae into one solid and complex mass. 

The sacrum of nervous supply (i.e. as estimated by the 
destination of the nerves passing out through it) is much more 
constant than the purely osteological sacrum. It never 
probably embraces more than seven or less than two, perhaps 
rarely less than three vertebrae. 

But while in man it is the two or three pre-axial sacral 
vertebrae which have distinct costal elements, and while a 
similar coexistence is probably universal in his class, very 
different conditions may possibly obtain when we descend 
further in the scale of animal life. 

Thus, in Birds the sacrum of nervous supply appears in 
part to be made up of vertebrae which have no expanded 
sacral ribs, while large transverse processes are attached to 
the most post-axial vertebrae of the nervous sacrum. 

The purely osteological sacrum is a very variable part with 
regard to all the three conditions above enumerated, varying 
even in the same species with the advance of age. 

Man agrees with most if not all Mammals in having the 
more pre-axial part of his large sacral transverse process a 
distinct costal element. In Birds, however, the vertebrae of the 
sacrum which have expanded transverse processes, do not de- 
velop these from distinct ossifications. In lower forms 
Crocodiles and Tailed-Batrachians) the sacral vertebrae have, 
on the contrary, a distinct and unmistakable rib attached to 
each transverse process. 

As regards the extent of connexion between the osteologi- 
cal sacrum and the hip-bones, union is more extensive in man 
than in most beasts, or animals below Birds. Often in Mam- 
mals, and almost always in Tailed-Batrachians, it may be con- 
fined to a single vertebra. On the other hand, ten vertebrae 
may be involved in this union in Mammals, and twenty in 
Birds. 

That part of the haunch-bone which we shall find is named 
the ilium, alone unites in Birds (Fig. 66, if) with this great 
number of vertebrae ; but in man's class it only joins four 


* As to the nerves, see Lesson VI II. 
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or five, though when that bony element which we shall find 
to be called the ischium also effects a bony union, the num- 
ber may be raised to ten — as in some Armadillos, 

When the osteological sacrum embraces as many as 
twenty (as in the Ostrich), then the lumbar vertebrae are 
encroached on by the extent of the hip-bones. Coccygeal 
vertebrae indeed may take an extensive share in it, as in some 
Edentates and Bats, where the osteological sacrum not only 
unites with the so-called ilium, but also anchyloses with the 
bone which is commonly termed the ischium. 

The possession of a true osteological sacrum is a character 
man shares only with Vertebrates above Fishes. Very rarely, 
however, as in the Turbot, there is in Fishes even a kind of 
false sacrum, formed by the anchylosis of the bodies and 
ventral spines of the first two coccygeal vertebrae. 

Compared with his own class only, man exhibits a sacrum 
which includes a number of vertebrae attained by few others, 
and but rarely exceeded, though sometimes there are six in 
the highest Apes. The number may reach eight, or even (as 
before said) ten in certain Armadillos ; but this is the highest 
number of man’s class, though about the smallest number 
found in the class of Birds, where, as we have seen, there 
may be as many as twenty. 

Apart from union with the hip-bones, coccygeal vertebrae 
become anchylosed with the true sacrum in Mammals with 
the advance of age, so as to form altogether four or five sacral 
vertebrae. That the development of the sacrum is not always 
in proportion to that of the pelvic limbs, is proved by the 
little lizard Seps^ in which, in spite of the rudimentary con- 
dition of the limbs, there are three sacral vertebra:. The 
sacro-vertebral angle is generally replaced by almost a 
straight line, and it is not nearly so marked in any Mammals 
as in man, except in some Baboons. 

The concavity of its ventral surface, which is so variable in 
man himself, is generally much less marked in other Mam- 
mals, but sometimes it is quite as great, as in certain Baboons. 

The tapering form of the sacrum of man is also exceptional, 
but it exists in the highest Apes, in Bears, and some other 
Mammals. Generally, however, in man’s class the sacrum 
contracts suddenly at its post-axial end. 

The wing-like processes (the sacral ribs) make it relatively 
wider than long in most Mammals. 

The sacral spinous processes of man are but rudiments of 
what sometimes exist, as they are very long in Carnivora and 
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others, and sometimes unite into a strong crest even in Pri- 
mates, but especially in the Rhinoceros, some Ruminants, and 
Insectivora, e.g. Sorex and Myogale, 

The lower end of the sacrum in man is devoid of processes, 
but in most forms there is a pair of strongly marked ones, 
which are most probably tubercular processes with annexed 
connate or developed ribs. 

Metapophyses and anapophyses are hardly to be detected 
on the sacrum of man ; but they are distinctly visible in many 
Mammals, even Monkeys. 

The occasional open condition of the neural canal in man 
is very exceptional, being repeated only in the highest Apes. 

That the sacrum has a flat articular surface at one end 
for the last lumbar vertebra, and at the other for the coccyx, is 
the normal condition, but the vertebrae composing it may, as 
in Batrachians (e.g. Menopoma and Cryptobranchus\ be con- 
vex in front and concave behind. It may, however, present a 
condition such that its two component vertebrae have the 
conjoined surfaces of their centra flat, and the other surfaces 
respectively concave, as in Crocodiles. 

30. No better example of the inadequacy of the exclusive 
study of man for a full comprehension of his frame can pro- 
bably be given than the human os coccygis. 

The anthropotomist, though he would readily perceive that it 
was the rudimentary representative of a tail, would yet never 
suspect to what diverse and curious structures it corresponds. 

Indeed, the coccygeal region of the vertebral column, 
instead of only varying as to the size and number of its parts, 
is the subject of very peculiar modifications of structure, and 
of unexpected modes of ossification and development. 

It may act as an extra hand ; it may be the main or exclu- 
sive locomotive organ ; it may, together with the neck, contain 
the only free vertebras of the body ; or it may be still more 
reduced and rudimentary than in man. 

It may in part consist of a solid bone formed by the fusion 
of primitively separate vertebrae, or it may be distinguished 
from the rest of the vertebral column as the only portion 
never made up of separate vertebrae at any time of life. 

The three, four, or five coccygeal vertebrae of man may be 
represented by as many as forty-six in his own class — namely, 
in the long-tailed Pangolin or Manis ; and in his own order 
it may reach the number thirty-three, as in the pre-eminently 
arboreal Spider Monkeys, which have the tail prehensile, 
serving as an additional hand. It may, on the contrary, in 
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his own order, be reduced to three bones, as sometimes in the 
Magot (Inuus). 




Fig 69— Caudal VERTiiflPAi Fig. 70 — Post-axial Termination of the 
OF Imms. Vertebral Column in a Salmon. 

[From Specimens in the British Museum.) 


It is in aquatic forms that the tail attains the greatest 
relative bulk, and in some Sharks may contain the prodigious 
number of 270 vertebrae. 

It is in the Tortoises that we find the tail supported by the 
only free vertebrae which are not cervical, all those of the 
trunk being immovably united with the ribs and with the 
dermal bony plates forming altogether the shell, or carapace. 

The maximum of degradation and abortion of the coccyx 
is in the Bats, where coccygeal vertebrae may be reduced to two. 

The coccyx of birds generally consists of from six to eight 
vertebrae, but may have ten. At its end is a so-called plough- 
share-bone, consisting of two or more anchylosed vertebrae. 

The peculiar coccyx of the Frog never consists of distinct 
vertebrae at any time of life, but is formed by the ossification 
of the membrane which surrounds the notochord, to which 
two small neural arches become attached. 

In osseous Fishes the end of the tail is turned up and 
remains persistently as a cartilaginous rudiment at the end of 
the vertebral column, generally hidden and enclosed by special 
bony plates. 

In the higher animals provided with numerous coccygeal 
vertebrae, these vertebrae are often provided with processes 
and articulations as complex as those of vertebrae more 
anteriorly situate. Pre- and post-zygapophyses, anterior and 
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posterior transverse processes, metapophyses, neural arch and 
neural spine, together with hypapophysial processes or arches 
(chevron bones), may be present in man’s own class. In Fishes 
the hypapophysial parts may be very largely developed, as, 
e,g.f in the Flat-fishes. In Tailed-Batrachians, the anterior 



Fig 71.— Part of the Vertebral Column of a Sole. 

«, neural spines , transverse processes ; A, hyi)apophyses. 

coccygeal vertebrae {eg. in Mcnobranchus) may be furnished 
with true ribs, supported by both tubercular and capitular 
transverse processes, in addition to articular, neural, and 
hypapophysial parts. 



Fig. 72.— Lateral View of the fivf. most Pre-axial Caudal Vertebr/s 
OF Menobranchus 

tf tubercular process ; capitular process ; ky^ hypapophysis. 


The downwardly tapering condition of the coccygeal verte- 
brje which exists in man is the general condition of such 
parts ; but sometimes, as in the little Armadillo Chlamy- 
dophorus, the transverse processes increase in size instead of 
decreasing in that direction. 
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In lower forms, e,g, Tailed-Batrachians and Fishes, the 
inferior (hypapophysial) arches sometimes develop articular 
processes or parts simulating such. 

31. The beautiful sigmoid curvature of the vertebral 
COLUMN of man (Fig. 38) is, in its perfection, absolutely pecu- 
liar to him, though some of the Apes (not the highest, but the 
Baboons — Cynocephali) approximate to him in this respect. 
This exceptional condition of structure in man is related to 
his exceptional (erect) attitude. 

As exceptional a curvature, though a very different one, 
may exist. This is shown by Bats, where the hinder part 
of the spine bends sharply forwards as a quadrant, bringing 
the pelvis very much in front. 

The gradual thickening of the spinal axis from its cranial 
end downwards to the sacrum, is a condition which obtains 
generally in Vertebrates, except Fishes, Bats, and those 
extinct flying Saurians the Pterodactyles, in which that axis 
gradually decreases in bulk tailwards. 

The post-axial projection of the neural spines, especially 
those of the posterior cervical and anterior dorsal vertebrae, is 
considerably less in man than in most animals of his class, 
though considerably greater than in some — e,g. the Hedgehog. 
On the other hand, neural spines attain in many Fishes {eg. the 
Sole, Turbot, &c.) a prolongation compared with the size of 
the spinal axis vastly exceeding anything to be found even 
in the marine (Cetacean) members of the class to which man 
belongs. 

32. The mode of ossification of the vertebrae of man 
agrees with that which exists generally in his class, most of 
the vertebrae ossifying from one point in the body and one 
other point in each neural arch — besides from the epiphyses, 
where these exist. 

The line of junction of the lateral (neural) pieces with the 
central piece is termed the neuro-central suture, and in most 
Mammals, as in man, it is so disposed that each lateral piece 
contributes to form a portion of the body. This is not, how- 
ever, universally the case, as in the Whale order the suture 
is placed more dorsally, so that the central ossification forms 
not only all the centrum, but also more or less of each lateral 
piece. 

Just as in man, so in other members of his class, separate 
ossifications often indicate costal elements in the Cervical, 
lumbar, and sacral regions. 

The fact, how^ever, of a part being ossified by the extension 
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into it of a neighbouring ossification (when it is said to be 
exogenous '), or by an independent centre (when it is said to be 
autogenous-), constitutes but a very secondary and unim- 



Fig 73 —Anterior Surface of Vkrtkbr,® of Doli'Hin { Globiocephalu % 
melas) 

A, fifth thoracic ; B, seventh thoracic ; c, eighth thoracic ; u, first lumbar ; r, rib , 
m, metapophysis ; i, transverse process The dotted lines indicate the posi- 
tion of the neuro-central suture. 

{From Prof. Flower's “ Osteology ”) 

portant distinction ; since neural arches (as in the tail of 
the Dog) or neural spines (as in trunk vertebrae of some 
Ungulates) may ossify in either mode. 

In the same way, transverse processes, both capitular and 
tubercular, may be formed by outgrowths of the central ossi- 
fication only, or by extensions of the lateral ossification, or 
by the concuiTence of both these parts, as in Plesiosauria and 
some Cetacea (see Fig. 73). 

The presence of epiphyses on each side of the body and at 
the tips of the neural spines, transverse processes, and meta- 

* From ?fa), outside, and to arise. 

* From avToft self, and 



II.] THE SPINAL SKELETON 63 

pophyses, is a character common to most animals of man’s 
class, but the centrum does not appear to have epiphyses 
in the Sirenia, Monotremata, and in the animals below the 
mammalian class. 

In those Mammals which have chevron-bones there arc, 
of course, ossifications which do not exist in man. 



Fig 74 - Cal DAL Vertebra of a Crocodile. 
r, centrum , j, neural spine . /, transverse process , pre-zygapophysis ; z\ po.st- 
zygapophysis , hy, hypapophysis, or “chevron-bone " 


In the lower Vertebrata the vertebral bodies may be at 
first formed by superficial ring-like ossifications, as in many 
F ishes ; and in some, as in the Carp, distinct lateral ossifi- 
cations may exist, one on each side of the centrum. 

The walls of the two concave vertebral, articular cups may 
ossify, making an hour-glass-shaped ossification, to which 
concentric or radiating lamellae may be added, as in certain 
Sharks. 

Cortical ossifications (/>. of the fibrous sheath of the 
notochord) may appear and coalesce with vertebrae, as in 
the coccygeal vertebrae of the Frog. 

Sometimes, as in Lepidosh'en^ bony neural arches may be 
formed, and more or less embrace a permanently soft and 
unossilied chorda dorsalis. 

33. A bony case, like the thorax of man, exists in all 
Beasts and Birds, without exception. It also generally exists 
in Reptiles, but is strangely modified in serpent-like Lizards, 
.and in Tortoises. In the former it is enormously drawm out, 
and made imperfect below by the small development of a 
sternum. In the latter it attains a maximum of solidity, and 
enters into bony union with the dermal skeleton. 
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A thorax is not a constant character of Vertebrates, for it 
cannot be said to exist in those Batrachians which have 
no ribs, neither in true Serpents nor in Fishes, both these 
groups of animals being utterly destitute of a sternum. 

34. The STERNUM of man represents a part constantly pre- 
sent in limbed Vertebrates above Fishes, except Chelonians, 
as also in some forms in which the limbs are absent. Its 
human condition, however, of serving as a ventral abutment 
to ribs, though general, is not constant, as not only may ribs 
exist without a sternum — as in Fishes and Serpents— but a 
sternum may exist without ribs, or without forming any 
cartilaginous or osseous connexion with ribs, as in the class 
Batrachia. 

The sternum of man, considered as a whole, is neither so 
broad nor so narrow as in some other forms, and its depth 
from the surface inwards is much less than may obtain. 

Thus it is broader in proportion to its length in most 
oviparous animals (from Birds to Batrachians), also in some 
Mammals, as the Whales, and even in the Siamang Gibbon, 
belonging to man^s own order. In most members of man’s 
own order, however, and in very many of his class, it 
is, as in the Dog, and in some Reptiles (as the Crocodile 
and Chameleon), much more narrow in proportion to its 
length. 

The above exception as to Chelonians not having a ster- 
num may well excite surprise, for Tortoises and Turtles have 
not only well-developed limbs, but it has been commonly 
supposed that part of their shell,” the great ventral shield 
(or plastron), is one great sternum, or at least a sternum 
with dermal ossifications added. It appears, however, that 
this great complex plate does not really include a sternum. 

That threefold division of the sternum which exists in man 
is normal in his class. In Birds and Reptiles it also exists, 
though more obscured and difficult to define. 

Even in Mammals, however, this threefold division is not 
universal, as in the Greenland Whale) only the manu- 
brium may exist, the rest of the sternum aborting ; while 
in the Dugong we have a xiphisternum (the representative 
of the xiphoid process of man), together with a manubrium, 
but no ossified representative of the middle part of the 
sternum. 

In Tailed- Batrachians and the Slow- worm {Anguis) we have 
a simple sternum which cannot be said with certainty to re- 
present any one of the three divisions ; while in many Frogs 
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and Toads we have a middle and xiphoid sternum, as also in 
many Reptiles, and we have all three (as before said) in some 
, Reptiles \e.g. the Crocodile ^d Chameleon) and in Birds. 
The manubrium forms a much larger part of the sternum in 
some members of man’s claSs than it does in him, as is the case 
in the Cetacea, the Monotremes, and in the Mole, where its re- 
lative length about equals that of all the rest of the sternum. 

On the other hand, it may be remarkably small and narrow, 
as in the Pig and the Horse. 



Fig. 75 ~ Sternitm of the Pig {Shs icrq/h). 

/a, manubrium, or pre-sternum , ws. middle part of the sternum, or meso- 
sternum ; xs, Mphisternum 

{From Prqfessor F hover's Osteology ") 

Sometimes this part may develop a strong median keel 
for muscular attachment, as in Bats, the Mole, and Armadillos. 
This keel, however, does not answer to the keel of Birds, 
which belongs to the more post-axial part of the sternum. 

The episternal granules ” occasionally present in man are 
replaced in some Mammals by considerable horn-like pro- 
cesses, as in the Howling Monkeys (Mycctcs) and Mice. 

The manubrium may be remarkably small when coexisting 
with a Sternum hypertrophied in other parts, as in Birds. 

F 
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The middle part of the sternum {^nesasternum) may be 
much shorter relatively than in? man, as is the case in the 
Sperm Whale, and it may abort, as just said, in the Dugong. 
Generally, however, in Mammals it is large and more per- 
manently segmented than in him, and may (as in the Orang) 
show to a much later period its median division. The divi- 
sion into two lateral halves (one piece on each side only) 
tr^ansitorily exists in the Struthious Birds, 



Fic; 76 — Stfrm’m of a Howling Movkfv (ATycetes). 

VI ^ bonea representing ‘‘cpisternal granules 

The segments of the mesosternum may send down pro- 
cesses together forming a sort of keel, and each furnished 
with two articular surfaces for the ribs, as is the case in the 
Tamandua Ant-eater, 

The xiphoid cartilage, or its osseous or cartilaginous repre- 
sentative, may abort altogether as a distinct part, as in the 
Tailed-Batrachians and the Right Whale. It may be long and 
pointed, in theTwo-toed Ant-eater, or enlarged and rounded, 
as in very many species (e.g. Sore.x). It may even in Mammals 
be enormously produced into two elongated horns, far exceed- 
ing all the rest of the sternum in size, as in the long-tailed Pan- 
golin ; and a similar but more reduced form may exist in 
Lizards (e.g. Iguatia, Draco (Hg. 78), and still more Stellio). 

It is in Birds, however, that the xiphisternum attains its 
maximum of size and importance, forming all that part of the 
sternum post-axial to the attachment of the ribs. It may 
consist of one sheet (as in the Qstrich and Cassowary), or be 



THE SPINAL SKELETON 


67 


n.] 

divided into a median and two lateral processes, one on each 
side (as in the Apteryx) ; or into a median process and four 
lateral ones— there being an internal and external xiphoid 
process on each side of the median one — as in very many 
birds [€,g. gallinaceous birds, such as the Fowl and Pheasant). 
This median process it is which bears the keel, or the greater 
part of the keel, in Birds. 



h, keel of entro-sterniim , middle xiphoid process , z, intermediate xiphoid 
process , r, external xiphoid process , r, rostrum , tr, costal process ; h, hypa- 
pophysis , <7, appendage from ribs, or uncinate process. 

In certain animals {e.g, the Monotremes) there is a median 
ossicle in front of the manubrium, which is often called the 
episternum. This really forms part of the appendicular 
skeleton, being a portion of the shoulder structure. It wall 
therefore be noticed under that head. ^ 

35. In possessing RIBS (that is, distinct osseous or cartila- 
ginous parts attached at one end to the vertebral column, and 
tending to surround the body cavity) man agrees with the 
immense majority of other Vertebrates. Some, however, as 
the Frogs and Toads, have none, nor can any be said to exist 
in some of the lowest Fishes, e.g, the Lamprey and its allies. 

In the division of the ribs into tw^o categories, the “true** 
and the false ” ribs, man agrees with all animals which have 
ribs at all, except Serpents, Fishes, and Chelonians ; Serpents 
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having many ribs indeed, Fishes few or many, and Che- 
lonians few, but all having no sternum, so that every rib 
must be reckoned to be a false rib in them — and this in spite 
of their fixity in Tortoises. 

In the proportion of true to false ribs man occupies an 
intermediate position. Thus the number of true ribs is more 
in excess in some other animals than in him, as e,g, in the 
Seals, and in Birds ; yet the number of false ribs is greatly 
in excess in some other animals, especially in the Whalebone 
Whales, in which there may be but one pair of true ribs. 

In the shape of the ribs man is normal, and their length 
always exceeds their breadth or thickness. They may, how- 
ever, be vastly thicker or more massive than in him, as is 
the case in the Manatee, or habitually foi-m thickenings which 
but for their constancy would be deemed a diseased condition 
(pathological), as in the fish Platax, 

They may also greatly exceed the breadth possessed by 
man^s, as in the Two-toed Ant-eater, where they overlap one 
another ; they may, on the contrary, be less flattened than in 
him, as in the Carnivora. 

As to the number of pairs of ribs, this has already been 
generally indicated in speaking of the dorsal vertebrie, though 
m Birds we may have ribs coming from vertebrae which are 
generally counted as sacral.^^ There may be as few as five 
or six pairs, as in Amphiurna^ or the number may reach 320, 
as in some Pythons. In man’s class there may be as many 
as twenty-four pairs, as in the Two-toed Sloth, or as few as 
nine, as in the Hyperoodon. 

In the fact that ribs (distinct and articulated) are confined 
to the dorsal region, man agrees with most Vertebrates. Such 
ribs, however (more or less free and more or less long), may 
exist in the cervical region, as we see in the Crocodile and in 
many Reptiles; in the so-called sacral” region, as we see in 
Birds ; and even in the caudal regions, as we see in Meno- 
branchus. Of such ribs, however, enough has been said in 
treating of those regions of the spine. 

The function of aiding respiration is one which the ribs 
possess in the higher Vertebrata, but quite other purposes 
may be subserved by them in addition to, or instead of, 
respiratory action. Thus certain ribs, by excessive elonga- 
tion, may support a flying membrane, as in the Flying Dragon, 
or by their sudden erection expand the skin of the neck, as 
in the Cobra. 

Terrestrial locomotion may also be due to these parts, as in 
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Snakes, which glide along by the successive application to the 
ground of the edges of ventral horny plates, each plate being 
attached to the ends of a pair of 
ribs. There being no sternum in j\ 

Serpents, all the ribs are, as before 
said, ‘‘false but all the ribs may ^ 

also be false notwithstanding the Vll 

presence of a sternum, as in \ 

Tailed- Batrachians. ^ 

The ribs may form a solid case / / j. A/ 

for the protection of all the other / / /t (\ 

parts. Thus in Tortoises the head / / /A ) 

and limbs can be drawn into such j j if \ \ 

a case (called 'the carapace), which /// ) ( 

is formed of greatly expanded ribs ./* / / W 

joining each other, and also the / ( ) 

expanded neural spines before no- ( \ 

ticed, by suture (Fig. 57). | 

In man we find the floating ribs 
float by their anterior ends only, 

their hinder ends articulating with Fig. 78 — Rius of the Flying 
the vertebrae. The very reverse U i ard {n/ncow/aus). 

condition to this may appear to sternum; .t, one of the di- 
obtain, as in the Crocodile, wheie process, true floating 

we have ventral rib-like structures nbs. 

(towards the hinder end of the ab- 
domen), which are attached ventrally, but are free at their 
vertebral ends, and thus float in the reverse direction. These, 
however, are hardly true ribs, but are ossifications of a more 
superficial region. 

The presence in the ribs of a distinct “head” and “tubercle,” 
as in man, is a very general but not a constant character. 
Very often, however, if not always, when there is but one 
articular surface for attachment to the vertebral column, 
that surface represents and is equivalent to a “head” and 
“ tubercle,” as it were, united and fused together ; though in 
Monotremes the ribs are attached only to the sides of the 
bodies of the vertebrae. 

This gradual fusion is well shown in the different vertebrae 
of the Crocodile, where, as we proceed post-axially, these two 
parts become more and more approximated together. 

As in man, so generally, it is at the more pre-axial part of 
the series of ribs that this distinction into head and tubercle 
is most marked. 
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In the Whalebone Whales after the first few ribs the 

heads ” and “ necks ” entirely disappear, the more post-axial 
ribs being attached by their “ tubercles ” only. 

The peculiar proportions of the head and tubercle of the ribs 
in man are not universal, but seem to be special modifica- 
tions of a more primitive type, such as exists in the Ichthyo- 
saurus and m some Tailed-Batrachians. 
In them the rib divides at its proxi- 
mal end into two diverging and equal 
processes, the upper of which (answering 
to the tubercle of man) articulates with 
the dorsal, or tubercular, transverse pro- 
cess, while the lower (answering to the 
neck and head of man’s rib) articulates 
with the ventral, or capitular, transverse 
process. In some other Tailcd-Batra- 
chians the proximal end of the rib bears 
a double facet, and articulates with a 
similarly facetted transverse process, 
which thus evidently answers to an 
upper and a lower transverse process united into one. 

The relation borne by these articular surfaces to the neuro- 
central suture is not constant. Sometimes, as in man, the 
“head” articulates mainly above that suture ; sometimes, as 
in Monotremes, altogether below it. In Ichthyosaurus 
both surfaces are attached altogether below that junction, 
while in Plesiosaurus the point of attachment rises as we 
proceed backwards. 

The class of Fishes shows what abnormalities arc possible 
with respect to the modes of attachment of the. ribs, as in 
Bafrachus they have a more and more dorsal origin, until, at 
the anterior end of the body, they are actually attached to 
the neural spines ! 

That double attachment which exists in man between the 
proximal end of the rib and two vertebrae is not universal. 
Thus in Birds it is only the last rib, or the last but one, 
which is attached to the point of junction of two adjacent 
vertebral bodies. 

The greater breadth of the first rib of man is a character 
frequently found in his class and sometimes much exaggerated, 
as in the Great Armadillo. Often in Mammals, and in lower 
forms generally, it is only of similar breadth to those post- 
axial to it. 

The greater curvature in man of the first rib is a character 



Fig. 79.-— Vertebra op 
Axolotl. 

neural spine , tuber- 
cular process suppoi t- 
ing the dorsal bifurca- 
tion of nb capitular 
process supporting 
ventral bifurcation of 
rib. 
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he shares with some animals {e,g. Apes and Cetaceans), though 
sometimes, as in the Ungulata, it (as well as the second rib) 
is almost straight. 

Occasionally, as in the Guinea Pig, Rhinoceros, and others, 
the first rib bears a little spinous tubercle for the attachment 
of the scalenus muscle. 

The ribs may consist not only of two parts, as in man, but 
may have a third part intercalated between each vertebral 
rib and its sternal cartilage or rib, as in the Monotremes, 
Crocodiles, and many Lizards. 

The vertebral rib may give off (Fig. 77, a) a post-axially 
projecting process (called uncinate)^ which may ossify as a 
distinct bone, as is the case in most Birds and in the Crocodile. 

The sternal ribs may be cartilaginous or they may be 
completely osseous. The latter, e.g., is the case in Birds and 
the Armadillos. 

In shape they may differ much from man’s, expanding 
greatly, as is the case in the Great Armadillo and the 
Monotremes. Each sternal rib may be set at a very marked 
«ingle with its vertebral rib, as in Birds, instead of more or 
less continuing its curve, as in man. 

Some of the sternal ribs may pass into each other (on the 
ventral aspect of the body) directly without the intervention 
of a sternum, or run right into the substance of the sternum, 
as is the case with the more post-axial ribs of Chameleons and 
some other Lizards. 

'rhe sternal ribs may even slightly bifurcate at their ends, 
as in the Tamandua. 

Bony sternal ribs may have, at their dorsal ends, synovial 
articulations with the vertebral ribs, and also synovial articu- 
lations with the sternum at their ventral ends, as m Birds. 



Fig 80 — Lateral View of Sixth Vt-KTrnRA of Salamandra 
t, tubercular process , c, capitular process— the two suppoiting a nb which 
bifui cates at lu free, distal end. 

The ribs may consist of single bones only, without any 
division into vertebral and sternal portions, as in F'isshes and 
Batrachians. Ribs may also bifurcate distally, as in some of 
the two last-mentioned classes (e.g. Salamandra ) ; and lastly. 
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there may be two distinct series of ribs on each side of the 
body, one series being dorsally situate with regard to the 
other. This condition is found in many Fishes, as e,g. the 
Tunny and Polypterus^ and in the latter some vertebrae have 
four ribs on each side springing from the doubled transverse 
process before noticed (Fig. 52). 

36. That mode of development of the vertebral column 
which we have seen to take place in man, lakes place also, 
broadly speaking, in all Vertebrates ; only the process is 
arrested at different stages in different forms. I’hus the 
notochord may, as we have seen, persist, or the ossification 
of the vertebrae break off at various stages, leaving a great 
deal or only a rudiment of the notochord persisting. 

The process of consolidation and union may proceed only 
so far as to leave transverse processes distinct, e,g. the Carp, 
or neurapophyses in two or four pieces, and separate from the 
neural spines, as before noted. 

Finally, not only may vertebrae be found denser than those 
of man, as the vertebrae of Serpents, but coalescence may 
extend to adjacent vertebrae in the several ways already 
described. 

Our survey shows us that the backbone alone, without the 
help of any limb, may serve as an organ for creeping over 
the ground or swimming through water, for climbing trees, 
for crushing prey as in the Boa Constrictor, and even as a 
hand to present food to the mouth as also in the Boa, or to 
grasp and bring near small detached objects, as is done by 
the tail of the Spider Monkey. 



Fig. 81 —SkEi ETON oi- Head and Gius of Lami*i<ey. 
cartilaginous basket ; neural laminae. (For the parts of the skull sec 
Lesson III ) 

An exceptional structure which probably belongs to the same 
skeletal category as the ribs -and sternum may here be 
mentioned. This is the cartilaginous “basket^ which supports 
the gills in the Lamprey. It consists of arcs of cartilage 
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which descend (the spine being horizontal) on each side from 
the soft representative of the backbone, and are connected by 
transverse bars extending in the direction of the spine. 
The hindermost (most post-axial) ventral part of this basket 
supports the heart. 


ps 




a:s 

Fig. 82 —Sternum ok Common yiCAJK-iXalJia curopiFo). 

/ji, manubrium , ;;w, mesos>teruum , xs^ xiphisternimi . r, point of attachment of 
the clavicle 

{From Professor Flower's “ Osteology ”) 

In some Sharks there are similar cartilaginous arcs (though 
much less developed) supporting the external borders of the 
partitions between the gills. 
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LESSON III. 

T//£ SKELETON OF THE HEAD. 

I. The remaining part of the axial endoskeleton is the 
sbcletoii of the head, familiarly known as THE skull. 

This large rounded bony case for the brain is also the seat 
of the organs of sense, and forms one coherent mass, except 
the lower jaw, which in the dry skull readily falls away from 
the rest. 

Neglecting for the present this lower jaw — or, as it is called 
in zootomy, mandible — the rest of the skull is rounded behind 
and above, and more or less flattened in front, below, and 
at the sides. Behind and above, it presents a pretty smooth 
and even surface, crossed by those undulating, interdigitating 
lines of bony union spoken of m the last Lesson as sniures. 

When sections are made it is seen that the rounded portion 
forms the roof and hinder boundary of the great cavity 
in which is lodged the brain, and that irregular bony promi- 
nences are placed below the front part of that cavity. The 
skull then may be roughly divided into — 

(1) The brain-case, skull proper, or Calvarium.* 

(2) The skeleton of the face. 

Certain conspicuous openings and prominences occur in 
different regions. 

The projecting part of the back of the head is termed the 
occiput^ and beneath it is a large hole, looking downwards, 
termed the occipital Joi'amcn, On each side of the front part 
of this hole is a rounded projection, and these projections, 
termed occipital condyles^ articulate with the cup-shaped 
hollows on the upper side of the atlas vertebra (see Fig. 89). 

Thus the margins of this foramen coincide with the neural 
arch of the atlas vertebra, and the interior of the skull forms 
the expanded summit of the vertebral neural canal ; indeed 

* From calva^ the skull 
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the brain and spinal marrow are connected and become 
continuous through this occipital foramen. 

If the skull be turned base upwards, a strong bluntly 
pointed prominence will be seen to project from each outer 
margin on a line passing from right to left through thifeuocci- 
pital condyles. The prominence is called, from its shape, tlie 
mastoid * process. 



Fio 83 — Side view of Man’s Skull— the lower jaw being slightly removed, and 
the line of ligamentous attachment of the hyoid represented by a dotted line 
/*, greater wing of the sphenoid bone ; auy opening of external auditory meatus , 
bk, body of the hyoid , r, an occipital condyle , c\ conuculiim of hyoid ; cr^ 
coroiioid process; cy^ condyle of the low'cr jaw,_/^ frontal bone; y, malar. 
/, lachrymal ; w, mastoid process ; w,r, maxillary bone , «, nasal bone . o, 
occipital bone ; />, parietal , internal pteiygoid process; j, squamous part 
of the temporal bone , sf, styloid process (connected by a dotted line with 
conuculiim of hyoid) ; ty, greater cornu of hyoid , a, zygomatic process of 
temporal bone. 


The under surface of the face (formed by the bones of the 
roof of the mouth) lies at a different level from that of the 
base of the skull proper. Connecting these two surfaces 
there are on each side a pair of vertical bony plates termed 

* From fxdarogf a nipple. 
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aicB, or wings, and between the two pairs are a pair of large 
openings separated by a median partition and directed back- 
wards. These openings are the hinder nostrils, or posterior 
flares. At each side of the skull, behind the orbit, is to be 
seen an arch of bone — a sort of flying buttress connecting 
the skull and face together, and termed the zygoma.* 



Fig 84. - Front View ot Right Half of Man’s Skull. 

a, the greater wing of the sphenoid, which also appears in the orbit on the outer 
side of the opening marked (2) ; /, frontal ; ?«, malar ; mastoid process ; 
ntff median part of the ethmoid dividing the nasal fossa vertically in the 
middle line , «, nasals ; lesser wing of sphenoid bounding the opening 
marked (2) on the imier side ; /, parietal ; s, squamous part of temporal 
bone; i, optic foramen ; 2, sphenoidal fissure ; 3, infra'Orbital foramen. 


When the skull is looked at in front, we see beneath the 
forehead two conical sockets for the eyes, termed the orbits^ 
and between them the bony prominence of the nose, beneath 
which is a large aperture medianly divided by a vertical 
partition and forming the front nostrils, or anterior nares. 
Beneath the outer and lower angle of each orbit the bony 
projection of the cheek is noticeable, termed the malar® pro- 
minence ; and the skull is bounded below (the mandible being 
removed) by the free border which gives attachment to the 
teeth, and is termed alveolary because the teeth are lodged in 

* From a bar. 

*» From matat the cheek-bone. 
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special bony sockets to which the name alveoli has been 
applied. 

^ When the skull is viewed in profile the sharp bony projec- 
tion of the nose is seen in front and the round prominence 
of the occiput behind, while from the malar prominence the 
zygoma extends backwards to above the mastoid process — 
enclosing a fossa (in which is placed a muscle called the 

temporal”) and having beneath its hinder end a noticeable 
aperture which is the external bony opening of the ear. A 
ridge also runs upwards from the malar prominence and 
forms the external margin of the bony orbit. 

The skull is said to be divided into certain 7'egions. Thus 
we have the base or basilar region, and opposite to it the 
vertex, sinciput, or sincipital region ; we have the region 
of the forehead or frontal region, and opposite to it that of 
the back of the head or the occipital region. 

At the side of the head we have posteriorly and above, the 
parietal^ region ; beneath this and within the arch of the 
zygoma, the temporal region (to which is attached the tem- 
poral muscle before referred to), separated from the orbital 
region by the outer, hinder bony wall of the orbit. 

The skull is made up of different bones of very different 
sizes and shapes. When it is looked at from above, a trans- 
verse zigzag line of union is seen to run across behind the 
forehead. This is called the coj'ofial suture.'* 

Running directly backward from this, for some distance 
along the middle line of the vertex, is another suture, termed 
sagittal^ and it ends behind by joining a wide V-shaped 
suture with the apex upwards, which is called lambdoidaL 3 

Turning now to the lower jaw, this when attached to the 
skull is seen to fit, by a rounded head, into a shallow cavity 
placed on each side in front of the external auditory opening, 
and termea the glenoid^ surface. 

The number of bones forming the skull decreases, with 
age, by anchylosis. In its mature condition the skull of man 
consists of the following bones, which it will be well to notice 
separately : — 

2. The OCCIPITAL bone is of course that of the occiput, and 
it surrounds the great occipital foramen (or foratnen mag- 
nuni). Naturally (when the bones of the skull are separated 

* From paries^ a wall. 

® Because it is somewhere near the part where a crown or garland would be 
placed. 3 From its being like the Greek letter X. 

* From a socket 
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at their sutures) it comes away in one piece with a very large 
and irregularly shaped bone, the “ sphenoid,” with which it is 
connected by a solid bony isthmus (forming the middle of 
the base of the skull), which isthmus has to be sawn across 
in order tg detach the occipital bone for the purpose of 
anatomical study. Above the occipital foramen the occipital 
bone forms an expanded plate (the squama), marked exteriorly 
by transversely extended “ curved lines.” 



Fig 85. — Outer Surface of Man’s Occipital Bone. 

bo^ basilar part or body of the bone which unites with the body of the sphenoid ; 
c, one of the two condyles , /, superior curved line , inferior curved line ; 

one of the jugular eminences ; so, the squama, or expanded upper part 
of the ocapital ; 1, condyloid foramen , Jm^ foramen magnum. 

The “ condyles,” before noticed, are attached to this bone, 
and external to each is a slight roughened process called the 
jugular” eminence, because it borders that aperture of the 
skull through which the jugular vein comes out. Behind 
each condyle is a small hole, or foramen, which allows the 
hypoglossasJ* ^rve to pass out from the brain. 

The occipital unites, as has been said, with the sphenoid in 
front. Above this junction it articulates on each side with 
the bone from which springs the mastoid process and zygoma, 

> For this and other nerves see Lesson VIII, 
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and which is called the temporal bone. Above the mastoid 
it articulates on each side with one of the two great plate- 
^ bones which roof the skull at the top and sides, and which 
* are called the parietals. 

In a new-born child the occipital bone consists of four 
parts : (i), a median piece in front of the foramen magnum, 
and which, as contributing to form the base of the skull, is 
called “basilar;” (2 and 3), two “lateral” pieces, one on 
each side of the foramen magnum, each supporting a con- 
dyle, and pierced for the hypoglossal nerve ; (4), a large 
median plate placed above the foramen magnum, and there- 
fore called a “ stipra-occipital^^ and which shows traces of its 
origin from more than one centre of ossification. 

3. The PARIETAL bone is very large, and is connected 
with its fellow of the opposite side by the sagittal suture, with 
the occipital behind by the lambdoidal suture, anteriorly 
with the frontal by the coronal suture, and below^ with the 
temporal bone by a suture which is called sgua?nous^ 
because the margins of the bones it joins are so bevelled 
off that the temporal lies on the parietal like a scale. 

The parietal arises from but one centre of ossification. 

4. The remaining bone of the skull-roof is the frontal, 
which, single in the adult, is at birth divided into two parts 
by a line of separation wdiich continues onwards the median 
separation between the contiguous parietals. 

The anterior end of this bone is, as it w^ere, bent sharply 
backwards on each side to form two plates which roof the 
bony orbits, while between these plates a space is left filled up 
naturally by the bone forming the summit of the nasal cavity, 
and called the ethmoid. Above the margins of each orbit are 
slight transverse curved prominences, called the superciliary 
and supra-orbital ridges, while each margin itself runs out into 
what is named the external angular process, at each outer 
inferior angle of the frontal bone, and joins the bone of the 
cheek, or malar. Besides the unions just mentioned, the 
frontal unites with bones to be hereafter described, namely 
the sphenoid, nasals, lachrymals, and maxillaries, 

5. On each side of the skull we find an exceedingly com- 
plex bone called the temporal. (Sec Figs. 83, 89, 90, and 91.) 

Part of it, as already mentioned, articulates with the 
parietal by a squamous suture, and it is this part which forms 
the hinder part of the zygoma and the articular “ glenoid ” 
surface for the lower jaw. 

A portion of bone which bounds the external opening of the 
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ear below, is continued inwards as a tube having on its under 
surface a rough ridge. On account of its connexion with the 
drum of the ear it is called “ tympanic” and forms the floor 
of the passage leading into the internal ear or meatus audi- 
torius externus. Between it and the glenoid surface is a 
narrow slit or fissure, called the Jissura Glaseri (which trans- 
mits the chorda tympani nerve), while behind it hangs down 
a long, very slender process, termed “styloid,” posterior to 
and outside the root of which is the stylo-mastoid foramen^ 
which transmits the facial nerve. 

The rest of the bone consists of two parts, namely, (i) the 
mastoid process already referred to, and (2) an irregularly 
shaped piece (which on account of its hardness is callea 
the petrous* bone) projecting inwards like a wedge on the base 
of the skull, between the occipital and the sphenoid. In 
addition to the connexions already noted, the temporal joins 
the malar by means of its zygomatic process. 

The petrous and mastoid portions enclose the inner and 
essential parts of the ear, the internal canal of which (called 
meatus auditorius internus) opens on the inner surface of the 
petrous, wedgelike piece, and gives entrance to the nerve of 
hearing. 

Towards the apex of the wedgelike projection is seen a 
large aperture which is one end of a canal, the other end of 
which opens on the under surface within and in front of the 
styloid process. This is the canal for the internal carotid 
artery, which thus takes its way right through the petrous 
portion of the temporal bone. Internal to its anterior open- 
ing and at the angle formed by the junction of the petrous 
part of the temporal bone with its squamous part, arc two 
small openings placed one above the other. These are the 
apertures of two tubes (which run backwards, parallel and 
apposed like the barrels of a double-barrel gun, in the sub- 
stance of the bone), the lower of which is the Eustachian 
tube, and conveys air from the mouth to the internal ear. The 
upper tube gives passage to the small tensor tympani muscle. 
A sharp xidge runs inwards and forwards from the root of 
the styloid process. This ridge is termed the vaginal process. 

The temporal bone arises by very distinct and significant 
ossifications. 

Thus we have (i) the squamous and zygomatic portions 
forming one element; (2) the Jympanic portion, which is at 
•first a mere delicate ring of bone ; (3) the styloid process, 

* From wtTpoj’, a stone. 
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which is at birth separate from a little cylindrical piece of 
bone which afterwards forms its root, and which is called 
the tympano-hyall 

• Besides these three elements, three other distinct ossifica- ^ 
lions extend and coalesce to form the petrous and mastoid 
portions of the temporal bone, and arc distinguished by their 
diverse relations to parts of the internal organ of hearing. 
Continuing our enumeration, we have (4) an ossification which 
gives rise to the upper part of the petrous portion (that which 
is visible on the inside of the skull) and to part of the mastoid. 
It forms the upper margin of what will hereafter be noticed 
as the fetiestra ovalis = of the internal ear, and is especially 
related to the anterior vertical semicircular canal. It is called 
the pro-oiic? (5) One which gives rise to the lower part of 
the petrous portion (that which is visible on the base of the 
skull) and forms the carotid canal. It also forms the lower 
part of the fenestra ovalis^ and surrounds entirely what is 
termed the fenestra rotunda. It is called the opisthotic,^ 
(6) One which gives rise to the mastoid process, and which 
is developed upon the posterior part, and what we shall here- 
after know as the posterior vertical semicircular canal of the 
internal ear. It is called the epiotic^ The mastoid process 
is not prominent at birth. 

6. The SPHENOID ^ is a very complex bone, and has been 
likened to a creature with a small body, two pairs of wings, 
and two legs. 

The central part, or body (which is anchylosed with the 
basilar part of the occipital), has on its upper surface a 
deepibh pit, called ih^selia turcica or pituitary fossa y because 
it receixes the pituitary body of the brain. It is bounded 
behind by a vertical plate, termed ‘‘ clinoid,” ? from the 
summit of which projects on each side a “ clinoid process.” 

From each side of the body there pi ejects upwards, out- 
wards, and forwards a large more or less triangular plate, 
called the greater aia, or wing of the sphenoid, which also 
sends a lamellar process downwards. At the root of the 
wing arc three holes. The innermost and smallest — the 
vidian—transmits the vidian nerve. Above and external to 

* Discovered and named by Professor Flower (“ Osteology/' p. 123;. F.veiy 
bone connected with the tongue-bone, or hyoid, has the term Aj/ai as a part of 
Its name 

** It has also been noticed in the Eighth Lesson of " Elementary Physiology. ' 

^ npo, before, and oSj;, dnvf;, the ear. 

* ’’iiviatie, behind. 5 ’ I'.iri, above 

^ So called from a wedge, and tJdo^, like. ^ From KXiVr), a bed. 

C 
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this is the foramen rotundum, through which passes the 
second branch of the fifth nerve. Behind this is a larger 
foramen (termed from its shape foramen ovale), which gives 
exit to the third branch of the fifth nerve. On each side of 
the sella turcica, at its hinder part, is a groove for the carotid 
artery. This groove is bounded in front and externally by a 
small tapering piece of bone which is called the lingula 
sphenoidalts, and which is situated between the body of the 
bone and the greater ala. 



IP 


Fir.. 86 — Man’s Sphenoid Bone seen from above. 

rt, its greater wing — the lower letter a points to that downwaid continuation of 
the great wing which is called the external pterygoid process , bs, its bodv— 
showing a cut surface behind, where it has been separated from the occipital 
bone , pc, the clinoid plate, bounding the pituitary fossae behind , ps, the 
anterior, or presphenoul.il part of the hotly of the bone, o, lesser or orbital 
wing ; p, internal pterygoid pioccss , r, optic foramen ; 2, sphenoidal fissure , 
3, foramen rotundurn , 4, foramen ovale . 5, groove for the carotid artery. 


The greater ala passes up between the squamosal and the 
frontal to the parietal bone, and forms the anterior pai t of the 
temporal fossa and the binder, outer part of the bony orbit. 

The downwardly extending plate is called the external 
pterygoid^ process. The internal pterygoid process is more 
slender, terminating below in a hooked-likc, or hamular, pro- 
cess. The two internal pterygoid processes form what have 
been fancifully called the legs of the sphenoid. Between the 
internal and external pterygoid process of each side is a space 
called the pterygoid fossa, wdiich is closed behind by a palate 
bone. 

From the anterior part of the body the much smaller wings 
called “orbital” project outwdrds, one on each side. The 

* From jTTf'pi/f, a wing 
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base of each is perforated by the foramen, which transmits 
the optic nerve ; behind the foramen projects backwards a 
small anterior chnoid process, 

Each orbital wing forms the hindermost and innermost 
part of the roof of the orbit. 

The greater ala and the orbital wing of each side are 
separated by a long but narrow space, termed the sphenoidal 
fissure. This transmits the third, fourth, and sixth nerves and 
the first branch of the fifth nerve. In addition to the junc- 
tions already noted, each ala unites with the malar bone of 
its own side, and the body of the sphenoid i? in contact with 
a bone, the vomer, hereafter to be noticed. 

At an early period the sphenoid bone may be said to be 
made up of ten parts : (i) the bulk of the body ; (2) the 
anterior part of the body, or pre- sphenoidal part; (3 and 4) 
a pair of grbat wings and external pterygoid processes, or 
two alisphenoidal parts ; (5 and 6) a pair of lesser wings, or 
orbito-sphenoidal parts; (7 and 8) the pair of internal ptery- 
goid processes, or proper pterygoid bones ; and (9 and 10) 
the hngulce sphenoidales. 

7. The ETHMOID,^ or sieve-hke bone, is of singular deli- 
cacy of structure and complexity of 
shape. It IS placed between the skull 
proper and the face, hanging down 
between the orbits. It consists of a 
trans\’crse crilmfonn plate and of 
three veitical portions. The cribriform 
plate is so called from its sievelike 
condition (being perforated with nu- 
merous small holes for the nerves of 
smell) ; it extends betw^cen the oibital 
plates of the frontal and the three 
vertical portions. 'Jlie first of these 
three is median, and its summit, called 
crista galli,^ projects a little upwards 
into the cranial cavity, wdiile the mam 
part is below the cribriform plate, and 
forms the upper and front part of the 
partition betw^een the nares, whence it is termed the median 
ethmoid 

The two other parts hang down from the under surface of 
the cribriform plate, and each is termed a lateral ethmoid^ 
The outer surface of each of these is smooth, and a||)ears 

From a sieve, 

r G 2 



Fig 87, — Man’s Ethmoid 
Bonf. 

eg, Cnstafialh. rising verti- 
cally above the hon/vmtal 
'iurmcc f)f the cribriform 
plate , le, lateral mass of 
the ethmoid , me, nicdiau 
ethmoid. 
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in the inner wall of the orbit as what is called the cs planum^ 
which is bounded above by the frontal, behind by the sphe- 
noid, in front by the lachrymal, and below by the maxilla. 
The inner surface is swollen and irregular. That part of it 
immediately below the cribriform plate is called the upper 
spongy bone, or superior turbinate, or turbinal,* the part 
below being termed the middle turbinate. 

Besides the junctions already noted, the ethmoid unites 
with the sphenoid behind, and with the nasals, vomer, lachry- 
mals, palatines, and lower turbinate bones (or turbinals). 

8. The MAXILLARY bone supports on each side the teeth 
of the upper jaw, and forms the bulk of that jaw, and con- 
tributes to form the cheek, the orbit, the nasal passage, and 
the palate. The two maxillary bones meet in the middle 
line below the anterior nares, where each projects as a 
sharp process— the anterior nasal spine. Each sends up a 
prolongation (the nasal process) to the frontal, bounding the 
inner side of the orbit anteriorly, and having at its hinder 
side a lachrymal bone, and on its anterior side a nasal bone. 
Its hinder surface exhibits a vertical groove. On the opposite 

or external side the maxillary 
bone sends a process outwards, 
which joins tne malar, and is 
called the malar process. Above, 
the bone exhibits a smooth hori- 
zontal surface (the orbital plate), 
which forms the floor of the 
orbit. In front the bone has a 
concavity, termed the canine 
fossa, between whicli and the 
lower margin of the orbit is a 

which transmits the second 
branch of the fifth nerve. 

From within the alveolar bor- 

^ ^ ^ each maxilla sends inwards 

3, infra -orbital foramen. ’ a palatine plate, wliich is joined 
by the palate bone posteriorly, 
but which internally meets its fellow of the opposite side, 
except where the opening of the anterior palatine canal 
separates them. 

In the body of the bone is a large cavity called the Cave 
of Highmore, or the Antrum Higtimori. 

* So called fioni being curved like a turbinated shell. 



Fit, 88 —Front View of the 
Right Orbit of Man 

/*, greater wing of the sphenoid ; 
/. frontal bone , lachrymal ; 
te, os planum ; w, malai , mx, 
maxillary , n. nasal , i, optic 
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Besides the articulations mentioned, the maxilla joins with 
the ethmoid, the vomer, and the inferior lurbinal. 

At birth there may be a suture on the palatine surface of 
the bone, separating off that small front part in which the 
incisor teeth are afterwards implanted. 

9. The MALAR bone is irregularly triangular in shape. It 
forms the outer wall of the bony orbit, and connects the 
zygomatic process of the squamous part of the temporal 
bone with the maxilla. It joins above with the external 
angular process of the frontal, and posteriorly with the great 
ala of the sphenoid. 

The NASALS are small bones placed side by side above the 
nares, joining the frontal above, and separating the nasal 
processes of the two maxillary bones one from the other. 

The LACHRYMALS art small bones, one of which is placed 
at the anterior part of the inner wall of each orbit, liaving 
the frontal above, the os planum of the ethmoid behind, the 
nasal process of the maxilla in front, and the orbital plate of 
the same bone below. Each is marked with a vertical groove, 
which, by joining the similarly directed groove (before spoken 
of) on the posterior side of the maxillary nasal process, forms 
a canal leading from the orbit to the nasal cavity, and tenned 
lachrymal because the tears pass down it. 

10. The palate bones, or palatines, are very irregular in 
shape, and wedged in between the maxilla and the pterygoid 
processes of the sphenoid. Each consists of a long vertical 
plate, from the bottom of which a smaller horizontal plate 
projects inwards, meeting its fellow of the opposite side in the 
middle line, and completing the palate behind the maxilla. 
The palatine contributes to separate the nasal fossa from the 
mouth, and extends up into the orbit, where it appears at the 
back part of its inner wall beneath the os planum, separating 
the sphenoid from the maxilla, and helping to bound the 
spheno-palatine foramen. Its outer side is grooved vertically, 
the groove forming, with the help of the maxilla, the posterior 
palatine canal. Its posterior surface is interposed between 
the external and internal pterygoid processes of either side, 
thus completing the pterygoid fossa in front. The palatine 
articulates also with the vomer and inferior turbinal. 

11. The VOMER ‘ is a single median bone extending down 
from the sphenoid and median ethmoid to the upper surface 
of the bony palate, thus completing the median partition 
between the nostrils. Its hinder margin marks the partition 

’ Le, ploughshare, so called from its shape. 
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spoken of already as medianly dividing the posterior nasal 
openings. In the infant this bone consists of two lateral 
portions. 

The inferior turbinate bones, or lowest TURBINALS, extend 
(one on each side) fiom before backwards along the nasal 
fossae, attached, though but slightly, to the inner side of the 
maxillary and palatine bones. 

12. The only naturally separated bone of the skull in the 
adult, namely the lower jawbone, or mandible, consists ot 
a curved osseous band, almost of the same depth through- 
out, and convex forwards. It has a smooth rounded inferior 
edge, but its upper edge is festooned by unequal cavities, 
fonning sockets for the teeth, whence this upper border 
is termed “ alveolar.” The whole band is termed the body 
of the mandible ; a vertical line at its middle in front is 
called the symphysis^ and each half of the body external to 
this line is called the horizontal ramus (or branch). At its 
hinder end each horizontal ramus turns suddenly upwards at 
a slightly obtuse angle, and terminates above in two processes, 
the front one of which is pointed and is called the “ coronoid 
process^ while the hinder one ends in a rounded head, ‘‘the 
condyle P mounted on a narrower part termed the “ uechl^ 

This nearly vertical part on each side is called the ascend- 
ing ramus ^ and the point where its posterior margin meets 
the inferior margin of the horizontal ramus is named the 
^^angleT (Fig. 83.) 

The condyle is wider than it is long, and fits into the glenoid 
cavity of the squamous part of the temporal bone. An inter- 
articular fibro-cartilage (with one synovial sac above it and 
one below it) is interposed between the two bones, and the 
ascending ramus is also attached to the skull by strong 
ligaments. 

The coronoid process rises nearly as high as the condyle, 
and has inserted into it the temporal muscle which adheres, 
at its origin, to the side of the skull within the arch of the 
zygoma. 

On the inner side of the ascending ramus is a foramen, 
called the inferior dental^ and another, the mental foramen^ 
is placed, more forwards, on the outer side of the horizontal 
ramus. 

The symphysis is concave vertically in front, the lower 
border of the mandible projecting at the symphysis to form 
the chin. 


From cv^xipvfxtf to grow together. 
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At birth the bone consists of two parts, which are separated 
at the symphysis, and at first the ascending ramus slants 
^much backwards, but gradually rises till it is nearly vertical 
* in the adult. 

13. Another bone, often not reckoned as part of the skull, 
is the os hyoides (so named from its resemblance to the 
Greek letter v), which is placed beneath the root of the 
tongue.* It consists of a “body” with a pair of processes 
on each side, one large (the great cornu) and one small 
(the lesser cornu, or corniculum). The body is transversely 
oblong, hollowed behind, convex in front, and narrow from 
before backwards. It is called the basi-hyal. 

The great cornua extend backwards from the lower outer 
angle of this “ body ; ” they are rather long and nearly straight, 
and though at first distinct bones, become anchylosed to the 
basi-hyal. Each is also termed a thyro-hyall 

The lesser cornua, or cornicula^ arise from the upper 
aspect of the “ body ” at its junction with the greater cornua, 
and each corniculum (or, as it is also called, cerato-hyal)^ is 
attached to this “ body ” by a synovial sac, though sometimes 
by bony union. Each corniculum is short and conical, and 
united by a ligament to the styloid process of the temporal 
bone. 

14. Considering now the OUTSIDE OF the SKULL as a 
whole, we find on its base in front the alveolar margin, — 
forming a graceful curve, and surrounding the bony palate 
(with its palatine foramina), which extends a little further 
back than the teeth, and ends in the posterior free margin 
of the palatine bones. 

Behind the palate are the posterior nares, on each outer 
side of which is a pterygoid fossa, bounded as before de- 
scribed. In the middle of the basis cranii is the basilar part 
of the occipital bone, behind it the foramen magnum, con- 
dyles, and condyloid foramina. 

On each side is the petrous part of the temporal bone, with 
its styloid and vaginal processes and its carotid and stylo- 
mastoid foramina. 

Between the front end of the petrous bone and the basi- 
occipital is, in the dry skull, an opening called the foramen 
lacc 7 'um antefdus. 

Between the hinder part of the petrous bone and the lateral 

* For its more precise relations see Lesson XI 1 . : the lArynx. 

® From Its being placed close 10 the thyroid cartilage of the larynx. 

’ Kfpuf^*, a horn. 
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part of the occipital, is an opening named the foramen 
Licerum posterius^ which transmits, besides the jugular vein, 



Fig. 89 —Outer View or Under Surface of the Right Side of 
Man’s Skull. 

ho, body of the occipital bone ; c, occipital condyle ; e, anterior end of Eu«ita- 
chian tube (between c, q, and the vacuity behind 3, is the petrous part of the 
temporal bone — somewhat tnang^iilar in shape, with its apex forwards) ; 
glenoid surface of the temporal bone ; nt, mastoid process ; n, posterior nares ; 
ft, pterygoid fossa ; so, squama of the occipital bone , st, styloid process ; z, 
zygomatic malar bone, joining zygomatic process of temporal bone ; i, anterior 
palatine foramen ; 2, ^stenor palatine foramen ; 3, points in front of the 
foramen lacerura anterius ; 4, foramen ovale ; 5, carotid canal ; 6, stylo-mastoid 
foramen ; 7, foramen lacerum posterius. 

the g1 osso-pharyngeal, par vagiim, and spinal accessor>' 
nerves. 
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Between the outer side of the petrous bone and the adja- 
cent margin of the ala of the sphenoid is a groove for the 
reception of the Eustachian tube. 

Behind the foramen magnum is the great occipital expanse. 

On each side of the base of the skull we find the zygoma 
(arching but little outwards), the glenoid surface, the external 
auditory meatus, and the mastoid process. 

Looking at the side of the skull, we see a fissure not yet 
noticed. This is the ptery go-maxillary, which runs up be- 
tween the posterior border of the maxilla and the adjacent 
pterygoid process. At its summit it meets the inner end 
of another fissure, namely the spheno-niaxillary , which runs 
forwards and outwards between the inferior margin of the 
great ala of the sphenoid and the upper part of the maxilla. 

These two fissures by their junction form an angular 
depression called the spheno-maxillary fossa, and into it 
open the foramen rotundum, the vidian and spheno-pala- 
tine foramina, and the upper end of the posterior palatine 
canal. 

15. In the INSIDE OF THE SKULL, as seen from above 
when a horizontal section is made and its top removed, we 
note the following structures. In the middle, in front, the 
crista galli and cribriform plate, bounded on each side by the 
orbital plates of the frontal (which are but slightly convex), 
and behind by the anterior part of the sphenoid and orbit^ 
wings, each pierced at its base by the optic foramen, and 
having a sharp posterior margin marking off the hinder limit 
of what is called the anterior fossa of the skull. 

The fniddle fossa includes, in its centre, the basilar part 
of the sphenoid (with the pituitary fossa and posterior clinoid 
process), and on each side, the great ala of the sphenoid 
(pierced towards its root by the round and oval foramina, 
and leaving the sphenoidal fissure between it and the orbital 
wing), the squamous part of the temporal bone, and the an- 
terior part of its petrous portion — at the inner end of w’hich is 
seen the anterior end of the carotid canal opening immedi- 
ately above the foramen lacerum medius. 

A ridge running forwards and inwards along the petrous 
bone defines its anterior part from its posterior, and at the 
same time the anterior margin of the posteHor fossa of the 
skull. This ridge has attached to it a membrane called 
the tentorium, which divides the cerebellum from the cerebral 
part of the brain. The posterior fossa includes the hinder 
part of the petrous bone with its internal auditory meatus, 
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the foramen lacerum posterius and condyloid foramen, and, in 
the middle, the foramen magnum and basi-occipital. 



Fro 90.— -A View of the Uiter, or Cerebral, Surface of Left Side of 
Man’s Skull. 

rt, greater wing of the sphenoid ; bo, base of the occipital ; c, cribriform plate ; 
/, orbital plate of frontal ; g, crista galli , 0, lesser or orbital wing of the sphe- 
noid ; pj pituitary fossa , p.arietal ; ^o, squama of occipital ; sg, squamous 
part of temporal bone , 3, foramen lacerum anterius ; 4, foramen ovale ; 6, 
foramen lacerum posterius ; 7, meatus auditorius internus — in the petrous part 
of the temporal bone. 


The removed cap of the skull is smooth within, showing 
sundry slight depressions, and amongst them a longitudinal 
median groove, to which is attache the membrane called the 
jalx, which extends back from the crista galli and dips in 
between the two upper halves of the brain. 
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When the skull is divided vertically and in the direction 
of the sagittal suture^ we may note the vast size of the brain 
^cavity in proportion to the face ; also the horizontal con- 
‘dition of the cribriform plate and foramen magnum, and the 
advanced position of the latter approaching the middle line 
from behind forwards. 

The basilar parts of the occipital and sphenoid bones are 
seen to become rapidly thicker as we go forwards ; they form 



Fjg. 91, — Veri'k-al, Longitudinal Section of Man’s Skull 

rt, greater wing of the sphenoid ; au^ meatus auditonus iniermis ; bo^ body of the 
occipital bone ; bs, body of the sphenoid ; c, condyle ; c', crista galli ; cy^ con- 
dyloid foramen frontal; vte^ median ethmoid ; mx^ palatine plate of the 
maxillary «, nas^ ; o, squama of the occipital bone ; parietal ; //, palatine 
bone; //, internal pterygoid piocess; frontal sinus; sq, squamous part of 
temporal bone (beneath it is the petrous part of that bone, with the opening 
au)\ low< St turbinal bone ; vomer The straight line passing upwards 
and forwards from the hinder end of the body of the occipital bone, represents 
the hnsi-trnuial axis The line passing downwards to the front of the jaw, 
represents the bast facial ajiis. 


the tme axis of the skull, and a line drawn from the anterior 
margin of the foramen magnum to the front end of the 
middle part of the upper (or cerebral) surface of the sphenoid 
is called the basicranial axis. A line drawn from the same 
point of the sphenoid plate to the front part of the alveolar 
margin of the maxilla is the basifacial axis^ and the two 
axes in man form an angle which varies from 90® to i2o®. 

The basi-cranial axis fonns with tlie foramen magnum a 
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very otose angle, while with the cribrifomi plate it forms an 
obtuse one, open downwards and forwards. 

The extreme length of the cranial cavity is always more 
than times that of the basi-cranial axis, while it may be 
nearly if times the length of the latter. 

The half of the lower jaw forms an arc joining the skull 
above directly at the glenoid surface. 

The half of the hyoid bone forms a much smaller arc 
behind the former, and joined to the skull indirectly, namely 
by the ligament which suspends it by the corniculum from 
the styloid process. 

When the skull is divided 7fertically through the external 
auditory meati^ i.e. transversely, or in the direction of the 
coronal suture, we see that the basilar part of the occipital 
forms as it were a centre. 

The anterior part of the section shouts the great cranial 
arch rising above this centre and closed in front, while below 
it is the arch of the lower jaw, and further forward the arch 
of the upper jaw, enclosing the double tube of the nostrils 
which extends from the anterior to the posterior nares. 

The posterior part of the section shows us the hinder part 
of the great cranial arch rising above the centre and closed 
behind, while below it is the arch of the hyoid and its liga- 
ments, reaching up to the styloid processes. 

i6. As to the CAVITIES of the skull : the orbits in man 
are pyramidal cavities completely encircled by bone, and 
each so separated off from the temporal fossa behind it, 
by the malar and alisphenoid, that the elongated spheno- 
maxillary fissure is the only opening left. 

At the back are the optic and round foramina, and between 
them the sphenoidal fissure, the vidian foramen being hidden 
from view. 

Within the anterior margin on the inner wall of each orbit 
is the lachrymal foramen. 

The two orbits are separated from each other in part by the 
cranial cavity (above the cribriform plate), and in part by the 
nasal cavity (below the cribriform plate). 

The nasal fosscB^ extending backwards above the palate 
from the anterior to the posterior nares, and enclosed be- 
tween the maxillae, are separated from each other by the 
median, ethmoid, and vomer, and in front of these by carti- 
lage. The three turbinals project inwards from the outer 
wall of each fossa, and beneath the lowest the inferior ter- 
mination of the lachrymal canal opens. 
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In the substance of the frontal bone, just above the nasals, 
are, almost always, certain cavities filled with air, called the 
frontal sinuses. These communicate with the nasal fossae 
‘ below, through the middle turbinals. 

The body of the sphenoid and the maxillae also contain 
large air-holding cavities, termed the sphenoidal and max- 
illary sinuses, and opening respectively beneath the upper 
and middle turbinals into the nasal fossae. 

17. In DEVELOPMENT the first appearance of the future 
skull is indicated by the expansion of the anterior end of 
the primitive groove before spoken of. 



Fig 92 —Diagram of the Formation of the Skull, seen from above. 

i.o, the plate of cartilage representing the future body of the occipital bone ; n, 
the anterior termination of the notochoid ; au, the cartilaginous auditory 
capsule containing the internal car , p, the space afterwards becoming the 
pituit.iry fossa, .and now enclosed on its two sides by tw'o cariilagnious rods — 
the trabecula; cranit, which meet in fiont of it at(i) to form the ethmo- 
vomenne plate from which the median (mk) .ind lateral (lf) eihmoids arise , 2, 
the second cartilaginous tod. or aich, forming the maxillary arch; 3, the 
third arch, forming tlie mandibular ai cli (or low'cr jaw); 4, the fourth arch, 
forming the hyoidcan arch 


This expansion becomes subdivided by two lateral con- 
tractions (one in front of the other, on each side), so that 
three rounded cavities are produced, one behind, one above, 
and one in front of the anterior termination of the noto- 
chord— the primitive skull being sharply bent dcn\Ti just 
in front of the anterior termination of the notochord. 

In the walls of these rounded expansions, or vesicles, no 
<iuadrate thickenings occur similar to those which are de- 
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veloped (one in front of the other) on each side of the chorda 
dorsaliSj and which are tho precursors of the vertebrae. 

A send, flattened mass surrounds the anterior termination 
of the chorda dorsalis, and forms the cartilaginous foundation 
and precursor of the basilar part of the occipital bone, and 
may be called the basi-cranial plate. 

Continuous with this on each side is a rounded mass of 
cartilage which is the precursor of the petrous parts of the 
temporal bone and of the lateral parts of the exoccipital ; and 
the latter cartilages, growing up to meet together above, 
enclose the foramen magnum with a cartilaginous ring. 

From the front of the basi-cranial plate two cartilaginous 
rods, called trabeculce cranii^ extend forwards and down- 
wards. These at first diverge, and then converge and meet, 
thus leaving a space in which the pituitary fossa comes to be 
placed. 
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N, the anterior lernnnalion of the notochord in the ra tilaginous occipital ma‘'S ; 
EO, a lateral upward extension of that mass, forn lug the frjundation of the 
future lateral part of the occipital bone , rr v, the ainl lory capsule , a and cc the 
cartilaginous beginnings of the future “grtMtei”.i } “orbital ” wings of the 
sphenoid , r, uue of the trabcenhe crann iiiniung lrward^ to expand in the 
ethmo-vfiinerine plate or foundation of the future median (mf) and lateral (r r ) 
ethmouls 2, the second (maxillarj ) ardi 1 mining foiwnuK to abut again ^t the 
ethmo-vomerine cartilage ; 3, the inaiidibuUi aich ; 4, the hjoidcau arch. 

This prolongation forwards, after sending up on each side 
two cartilaginous representatives of the sphenoidal wings, 
forms, as has been indicated, a median plate (termed Ethmo- 
vomerine), which sends downwards three other plates to form 
the median and lateral ethmoids. 

The rest of the walls and roof of the skull are completed 
by membrane only. 

Besides the trabecula?, other 'cartilaginous rods extend 

* From trabecula f the diminutive of traces, a beam or rafter. 
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downwards from the basi-cranial plate, or rather from the 
lateral cartilage contiguous with it. 

Thus a second rod, external to the trabecula, on each side, 
passes forwards (almost parallel with the trabecula adjacent 
to it) and fuses with the Ethmo- vomerine plate. 

A third rod descends and fuses with its fellow of the op- 
posite side, so forming the groundwork of the lower jaw, 
which is thus laid in what is often called the -first visceral 
arch, but which is really the third. 

The next, or fourth cartilaginous rod, meets with its fellow 
below only by means of the interposition of soft structures, 
and lays the foundation of the styloid processes and corni- 
cula of the os hyoides, which thus are contained in what is 
really the fourth visceral arch^ though often called the second. 

The ffth visceral a? ch develops on each side, at its ven- 
tral part, the precursor of the cornu and body of the hyoid 
bone. 

Ossification occurs, as has been stated, in more than one 
point of most of the bones which are reckoned as single bones 
in the adult man. 7'hus it occurs in the lateral and superior 
parts of the occipital as well as in the basilar part ; in the 
wings and inner pterygoid processes of the sphenoid, as well 
as in those two parts of its body which may be distinguished 
as the basi-sphenoid and the pre^sphenoid—xht latter sup- 
porting the orbital wings. In the temporal bone, as has been 
pointed out, many very distinct ossifications occur. 

"J'he ossification of the ethmoid and of all the turbinals 
and vomer takes place in, around, and from the cthmo- 
vomerinc plate and the cartilages of the trabecuke, or first 
visceral arches. 

The jialatine bones, internal pterygoid processes, and 
maxillary bones, are ossifications connected with the second 
visceral arches. 

"J'he mandible — which arises from one point of ossification 
on each side — invests the ventral end of the cartilage (called 
Meckel’s) of the third visceral arck 


1 8. Turning now to OTHER vertebrates, we find that 
in the possession of a cranium man agrees with all except 
the Lancelot. This animal can hardly be said to have a brain 
at all, so slight is the enlargement of the anterior end of 
its spinal marrow : consequently its brain-case is, as might 
be expected, similarly imperfect, and consists merely of the 
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membranous investment of this terminal part of the spinal 
marrow. 

In other Vertebrates a definite and distinct brain, en- 
closed in a definite and. distinct brain-case of solid tissue 
(cartilaginous or osseous), with jaws and hyoidean appendages, 
is almost a constant character. 

In that the skull is sharply and distinctly differentiated off 
from the spinal skeleton, man agrees with the vast majority 
of Vertebrates, and with all Vertebrates without exception 
above Fishes, It is possible, however, for the cartilaginous 
representatives of vertebrae to coalesce into one mass with 
the cartilaginous skull (as in the Sturgeon), or even when the 
skeleton is osseous (as in the Siluroid fish Bagrus^ where 
these bones are suturally united). Indeed, in such cases, the 
transition from spine to cranium is so gradual that it is easy 
to mistake part of the vertebral column for part of the skull. 



Fig. 94 —Vertical, Longii i’uin' m. Section of thf Post-axial part of the 
Skull, and of the moke Pke axial Veki euk/e of the Siluroid msh 
Dagru^ i^A/ter Owen ) 

body of first vertebra ; body of second vertebra ; t/3 — bodies of the 
next five vertebrae, each line going to the middle of a biconcave centrum ; Iw^ 
basilar part of the occipital bone , exoccipital , 5 , spinous process of the 
second vertebra Directly aliovc s is the post-axially prmecting supra-occi- 
pital. fJy, the hypapophysial canal running beneath the first five vertebrse. 

The almost completely osseous condition of the skull of 
man is one common to him and to his class. In the Sauro- 
psida the skull is often eked out, as it were, by considerable 
tracts of cartilage or membrane, and in the Ichthyopsida 
the cartilaginous portion is always more considerable, and 
may constitute the greater part or the actual whole of the 
solid brain-case and annexed structures. 

The shape of the skull will be spoken of afterwards, but 
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here it may be stated that the division of it adopted in human 
anatomy, into cranium and face, is one which is natural. By 
the former we shall understand the brain-case proper, and no 
more. By the face we shall understand not only the bones 
usually included in that category in anthropotomy, but the 
ethmoid and parts of the sphenoid also, namely the internal 
pterygoid processes, which, as we have seen, arise in man 
about the second visceral arch. 

The number of bones of which the skull is composed in 
man when adult is much less than in many animals ; on the 
other hand, it is more than in many, where, as in the class of 
Birds, the process of anchylosis is more rapid and extensive. 

Certain small bones of the ear, called auditory ossicles, 
are, in works on human anatomy, included in the description 
of the internal car. For this reason the full notice of these 
ossicles will here also be similarly deferred ; though from the 
important part they are said to play in many lower, and all 
the lowest forms, and their relations to hyoidean structures, 
they must be somewhat noticed even in describing the true 
skeleton considered as the framew^ork of the body. 

IQ. The OCCIPITAL bone of man represents some of the 
most constant ossifications of the solid cranium. The con- 
dition of union its parts present in him is the one normal in 
his class, though the union of its elements is often longer 
delayed in some Mammals than in him. 

On the other hand, the occipital bone (or parts of it) may 
anchylose with more than it anchyloses with m man, as is 
the case in the Sauropsida, where, except in the Chelonians, 
two portions of the petrous bone (the epiotic and opisthotic) 
become intimately united with parts of the occipital. 

In the lower forms (or Ichthyopsida), w'here the skull is 
ossified, either the main parts of the human occipital are 
represented by distinct bones, or only a portion ot them are 
so represented. 

The basilar process {baslocdpitat) is a constant ossification 
in all except Batrachians and some Fishes, and when present 
in the latter (as the Cod. Perch, Pike, &c.), remains a distinct 
bone throughout life. It may, however, as in Batrachians 
and in the Lepidosiren, be represented merely by cartilage ; 
and this in spite of other portions of the occipital being 
ossified. The basi-occipital may give origin to a median 
descending process like a hypapophysis, and may indeed (as 
in the Carp) send one down so far as to penetrate the wall 
of the alimentary, canal and serve in mastication. 
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The hinder end of the basi-occipital has a more important 
function in the Sauropsida than in man’s class, as it develops 
a convex projecting head or condyle, which articulates with 
the vertebral column. In most Fishes it is concave, its con-' 
cavity being applied to the concavity of the body of the first 
vertebra in the same way that all the bi-concave vertebrae are 
united together. 



f'lG oS‘— V ertical, LoxVgitudinal Section of the Skoll of a Fowl. 

{A/ter Parker.) 

a, angular bone of mandible , nr, alisphenoid ; m, articular bone of mandible : 
60, basi occipital , (f, dentary bone of mandible; f, frontal: vie, median 
ethmoid , os, orbito-spbcnoid ; p, parietal , p' , pro-otic ; pf, pituitary fossa ; 
px, prc-maxilla , sn, surangular bone of the mandible , i,o, snpra-occipital ; 
sp, spleniai bone of the mandible , sq, squamous part of the temporal bone, 
or squamosal , v, vomer. 

The lateral parts {exocdpitals) are constantly ossified where- 
cver the skull is ossified at all ; and their position with 
regard to the spinal marrow is constant. They always 
transmit, either as in man by a notch, or by a foramen, the 
eighth pair of nerves, and also the hypoglossal nerve where it 
exists, but this latter is wanting in Fishes. 

In the fact that the occipital condyles arc mainly formed 
by the lateral parts (cxoccipitals), man agrees with his own 
class. They may, however, be entirely formed by the ex- 
occipitals, as in Batrachians ; or these bones may more or 
less help to form one single median convex articular condyle, 
as in the Sauropsida. 

The peculiarities as to the position of the foramen magnum 
will be spoken of in considering the skull as a whole. 

The Squama of man, or supra-occipital,, is of a relative 
size greatly in excess of that which exists in most forms, but 
still it may attain a yet greater importance than in him. This 
is the case, for example, in the Cetacea and in the Elephant^ 
where its relative as well as absolute size is enormous. 
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Again, it may be divided into two parts, its upper portion 
being reckoned as a distinct bone {interparietal) as, e.g.^ very 
often in Rodents. A still more divided condition of the supra- 
"occipital may obtain, as in the Ganoid fish Lepidosteus. 

On the other hand, as in the Frogs and Toads, the supra- 
occipital may be absent altogether, the lateral portions, or 
exoccipitals, meeting as well above as below the foramen 
magnum. 

The faintly marked superior curved lines of the human 
occiput are but feeble representations of the great bony pro- 
jections which the occipital bone may develop. Thus, even 
m one of the forms nearest to man — the Gorilla — ^there may be 
an enormous lambdoidal ridge. In Ruminants, again, this 
ridge may be largely de- 
veloped, and have bony ex- 
tensions (the horns) reaching 
out from it, as in the Ox. 

The jugular process of man 
may be developed to a much 
greater extent, bearing the 
name of par-occipital or para- 
mastoid process, as e.g. in the 
Babirussa and Capybara. It 
may help to form the tym- 
panic cavity, as in Birds, or be 
completely absent, as in the 
Ichthyopsida. 

A singular relationship 
seems often to exist between 
an aquatic habit and defect- 
ive development of the basilar 
part of the occipital bone. Thus this part is altogether absent 
in Batrachians, it is often imperfectly ossified in Seals, and 
seems to be rudimentary in some of the Cetacea. 

In the last-named animals, as also in very many Fishes, 
the supra-occipital is brought into direct connexion with the 
frontal — a condition very different from that of man, 

20. Whereas the occipital bone of man is the representative 
of four distinct bones in lower animals, his parietal bone, 
on the contrary, is in its normal condition, as it arises always 
from a single ossification. Indeed, not only is it never more 
complex than in him, but in many animals {e.g. the Mono- 
tremes, Serpents, and the Salmon) the two parietals anchylose 
at a very early period into a single, median bone. 



fic 96. — Side View of the Skull 

OK AN ADULT MALE GORILLA. 

c, supra-orbital ridge ; s, sagittal ridge 
(a lofty plate as indicated by the 
shading) ; /, lambdoidal ridge — the 
last is foreshortened as it projects 
laterally. 
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Generally, as in man, the two parietals meet, but, as has 
been said in treating of the occipital, they may be encroached 
upon, and depressed to the side of the skull (as in the Cetacea), 
by the union of the last-named bone with the frontal. 

The great size of the parietals of man is very exceptional, 
and has direct relation to the immense development of his 
brain. On the other hand, they may be m great part mere 
bars, as in many Lizards. 

The parietal may give off a lamellar expansion helping to 
roof over the temporal fossa — as in the Turtle and the curious 
African Rodent Lophiomys. 

The exclusion of the parietal from any junction with the 
sphenoid by that of the frontal bone with the temporal, which 
occasionally occurs in man, is very common in Apes. On 
the contrary, it may extend to Join not only the greater but 
also the less, or orbital, wing of the sphenoid. 

The parietal may be one with the frontal, forming a fronto- 
parietal bone, as in the Frog and Lepidosiren. 



Fjg 97 — Upper Surface or the Skull ok a Frog {After Packer ) 

r, O', en cemture, or girdle-bone; ea, cxoccipital ; A fiontal pait of fronto- 
parietal bone ; wjr, maxillary bone ; «, nasal ; op, opisthotn, : /, parietal 
part of fronto-parietal bone ; pm, prc-maxilla , po, pro-otic ; pt, pterygoid ; 
7, quadrato-jugal ; sq^ squamosal ; sus, suspensorium of lower jaw. 


From within the parietal an ossified falx may extend into 
the cranial cavity, as in the Ornithorhynchus, while the junc- 
tion of the parietals may be ektended upwards into a large 
sagittal crest, as in many Carnivora, and even in the 
Gorilla. 
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21. The development attained by the frontal bone in the 
human subject is very greatly above the average of man’s 
class, and bears relation to the vast development of his brain, 
‘Sometimes, on the contrary, as in the Cetacea, the orbital 
part may be enormously developed outwards on each side. 

The primitive double condition in which, as we have seen, 
this bone exists in man, very often persists in adult life in 
other Mammals. It may do so in Apes, though sometimes in 
that order (e.g. Pitheda) not only is it united, but it even 
develops a median ridge, continuing forwards the sagittal one. 

In many Reptiles and Fishes, however, this bone is single, 
as in the Gecko and the Cod. 

Each half of the frontal bone may meet below as well as 
above, so as to form a complete bony ring, as in the Python. 

The external angular process of the 
frontal may rarely (as e.g, in the Horse) 
join not the malar, but the zygomatic 
process of the temporal bone. 

In the majority of the members of 
man’s class this process joins neither 
of those bones, but merely forms a 
freely projecting post-orbital process. 

Sometimes it is completely absent, 
as IS the case in several forms, e.g, 
the Tanrecs. 

On the other hand, in the Sauro- 
psida, a distinct bone (either tempo- 
rally as in Birds, or permanently as in 
Reptiles) extends downwards from the 
postcro-extcrnal part of the frontal. 

This either ends freely, as in most Birds; or it contributes to 
form a sort of upper zygoma, as in some Parrots and Lizards; 
or, as in Python, passes downwards to abut against the single 
zygomatic arch. It is called the post-frontal. 

A bone exists in the skull of osseous Fishes which has 
often been called the “ post-frontal,” but which has no rela- 
tion to that bone of Reptiles, being really an ossification of the 
ear capsule, and therefore the representative of part of the 
petrous bone of man. 

The superciliary ridges, which in some races of men are 
much marked, may attain a far greater size, being at their 
maximum in one of the highest Apes, viz. the Gorilla, 

The two sides of the frontal may unite behind the cribri- 
form plate, as is the case in the commonest Monkeys. 



pa 


Fig 98.— Diagram repre- 

SFNl ING A TrANS\ERSK 

Vertical Section of 
THE Skull o^ aSi^rpf.nt. 

/, frontal, meeting its fellow 
of the other side both 
above and below in the 
middle linc;pa, para-sphe- 
noid ; one of the irabe- 
cul.£ cranii which persist 
in serpents, running for- 
wards on each side of the 
base of the skull. 
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The frontals may develop great bony processes, which are 
the bony cores supporting the corneous sheaths of hollow- 
horned Ruminants, as c.g'. in the Goats. They may also. 

periodically develop branched pro- 
cesses, antlers,” as in Deer. 

These will be more conveniently 
considered in the Seventh Lesson. 

22 . The TEMPORAL bone of man 
is the representative not only of a 
number of distinct bones in lower 
animals, but of bones of very differ- 
ent natures both as to origin and 
function. 

What answers to the squamous 
portion in man, is called the “ sgua- 
vtosaV^ in lower animals. 

In man it is of greater relative 
size, and takes a larger share in the 
formation of the inner cranial wall 
than is the case in most of his 
class, though, strange to say, it 
becomes again relatively larger in 
one of the very lowest of Mammals, 
the Echidna. 

Below the Mammalia it becomes 
excluded from all share whatever 
in bounding the cranial cavity, and 
may be a mere bar contributing to 
form the bony scaffolding of the 
skull, as in Lizards of as in bony 
Fio 9>— Upper view of the Eishcs. A portion of it may descend 
Skull of tJie 'Janrec, z/e-////- from the cranium altogether, and 
rfa z^gS.c'i?ch'‘o„ ^come a mere part of the gill-cover 
each side. flap, the prc-operculum. 

The function of suspending the 
lower jaw is one peculiar to this element of the skull in 
Mammals, while in all Vertebrates below Mammals the 
squamosal has no part in such an office. 

Amongst his own class, man presents a medium develop- 
ment of the glenoid surface, which may be much more con- 
cave than in him (as in Carnivora), or much less so (as in 
Ruminants). 

Its antero-posterior concavity is thus most marked in the 
hard-gripping Badger, where the anterior and posterior bony 
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margins of the glenoid surface are so prolonged that the 
lower jaw cannot be removed, even from the dry skull, with- 
out fracture of one of those osseous processes. 



1, the frontal ; *, the pre-frontal ; 4, the sphenotic ; 7, parietal ; 8, supra-occipital ; 
9, exiotic; ir, pro-otic, t2, pterotic ; 17, pre-maxilla ; 18, maxilla; 19, 
iirst sub-orbital bone, or lachrymal; 19', chain of pcistcnor sub-oibitals ; 20, 
nasal ; 21, one of a chain of post-temporal ossicles ; 23, hyo-mandibular , 24, 
ecto-pterygoid , 26, quadrate ; 27, meta-pterygoid ; 28, operculum ; 30, pre- 
operculum ; 31, symplcctic ; 32, sub-operculum ; 33, inter-opcrculum ; 34, 
dentary ; 35, articular ; 36, angular ; 42, urohyal ; 46, post-temporal, or bone 
connecting scapular arch uith skull. 

The projecting (zygomatic) portion of the squamous element 
is constantly present in Mammals, though it may end freely, 
as in Ccnteies and Sorex, or join the frontal instead of the 
malar, as in the Horse. 

It also projects freely downwards in most Birds, but 
It may (as in some Parrots) articulate witli a post-frontal 
element. 

In Reptiles also it may project forward and form a sort of 
upper zygoma by articulating with the post-frontal, as in some 
Lizards (c.g. Sphenodotty Cyclodus\ or it may be articulated 
with the cranium at one end only, as in Python— the other 
end projecting backwards and slightly outwards, to give ad- 
ditional mobility to the lower jaw. 


t 04 ELEMENTARY ANATOMY. [less. 

It may develop, as in Fishes, a post-orbital process of its 
own. 

Its junction with the malar is not found anywhere out or 
man’s class. 

The squamosal of some Birds (as the Ostrich) may send 
down a process, the representative of which is more con- 
spicuous in the Frog, and becomes separated off from the 
superior portion in the Eft. It is this lower portion which is 
tlie pre operculum of Fishes. 



Fig loi,— S ide View of the Skull of a R^ttlesnakf ^C^otahis) 

rt, articular bone of lower jaw ; bOy basi occipital , dy dentary, fy frontal ,f. 
prc-. rental , ine^ median ethmoid , mx. maxilla , o. pro-otic ; /, parietal , pity 
para-sphenoid , piy pterygoid , /.r, pre-maxilla ; qu, quadrate , squamosal. 

The petrous and mastoid elements (petro-mastoid) of the 
temporal bone require a more lengthened notice. 

In the first place, it may be observed that the distinct- 
ness of these united elements is shown in many Mammals 
where the petro-mastoid bone remains unanchylosed and 
separate from both the squamosal and tympanic elements 
of the temporal bone. This is the case, m the Pig. It 
may be united with the tympanic element, but not with the 
squamosal, as in the Hare and the fully adult Porpoise, 
being in the latter only united to the rest of the skull by 
ligamentous attachment. 

Still, in all man’s class, what we have seen to be the con- 
stituent parts of the petrous and mastoid elements always 
cohere into a single mass before they unite with other cranial 
elements, while such a complete primitive union never takes 
place in any Vertebrate not a Mammal. 

The very prominent mastoid process of man is peculiar to 
him, as, though in many other Mammals it is more or less 
developed, it is generally rivalled or surpassed in them by 
the elongated process of the occipital bone before mentioned. 
Even in the highest Apes the degradation of the mastoid 
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process is remarkable, and bears relation to the absence of 
an erect posture of the body — a posture which distinguishes 
man from the other members of his order. 

Air-cells which exist, even in man, in the mastoid, extend 
into the substance of the squamous element in the Gorilla, 
and sometimes, as in Macroscelides and PedeieSy the mastoidal 
air cavities are enormous, causing great projections of the 
skull. 

A large vaginal process is peculiar to man, that part being 
represented but slightly even in the Gorilla. 

The carotid canal is far from being a constant character of 
the temporal bone, even in Mammals. Often, as e.g. in the 
Cat, the carotid artery may pass through the foramen laccrum 
posterius, merely grooving very slightly the petrous bone; or 
much more rarely, as in the Opossum, it may perforate the 
sphenoid bone. 

In most Mammals, except the highest Apes, there is a deep 
pit on the inner surface of the petrous bone, as in the Hare: 
tins IS to receive a certain part of the brain, termed the floc- 
cular process of the cerebellum. 

The stylo-mastoid foramen is a constant aperture, the 
seventh nerve passing out through such an opening m the 
petrous element wherever this is ossified in vertebrate animals. 



Fig, 102 — Vertical, Longitudinal Section of the Skull of a Perch 
{After Cm/ ter.) 

3, frontal, ; 2, pre frontal (or lateral ethmoid) , 3, median ethmoid , ,4, "cphenitic 
5, b«si occipital ; 6, para-sphenoid , 7, paiietal ; 8, supra-occipital , 9, epiotic . 
10, cKOCcipital ; 11, pro-otic , X 3 , pterotic ; 14, alisphenoid , 15, pre-.sphcnoid , 
16, vomer. 


But not only the seventh nerve, but the third portion of the 
fifth also, may perforate the same bone, as is the case in 
Serpents, in Batrachians, and in many Fishes {e,g. the Pike) ; 
or it may only notch it, as in Crocodiles and Birds ; or it 
tnay, as in man, pass altogether in front of it. 
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The three elements (pro-otic, epiotic, and opisthotic) which, 
as we have seen, coalesce to form the petro-mastoid part ot 
the temporal bone of man, may be differently proportioned 
and conditioned from what they are in him. 

The Pro-otic is the largest and most important element of 
the three in Vertebrates below Mammals. 

It may meet with its fellow of the opposite side below', and 
thus form part of the inside floor of the skull, as is the case 
in many Fishes, e.g. the Pike. 

The Opisthotic constantly anchyloses with the lateral part 
of the occipital before it unites with the pro-olic in all Verte- 
brates below Mammals. In many forms, e.g. the Cod, it 
never unites with the pro-otic at all. 

The Epiotic constantly anchyloses, in all Vertebrates below 
Mammals, with the squamous portion of the occipital bone 
before it unites with the pro-otic and opisthotic elements. 

In Fishes and in Chelonians it preserves its distinctness 
from the occipital, though in Chelonians it coalesces with the 
opisthotic. 

These three bony barriers protecting the internal ear may 
be conveniently spoken of as the periotic mass. 

This mass may have added to it a part which, in some 
Mammals, appears as a lamelliform expansion, as in the Mole 
and still more in the Echidna, where it constitutes a con- 
siderable part of the cranial wall betw'een the occipital, the 
squamosal, and the parietal bones. 

In P'lshcs, e.g, the Cod and Pike, it appears as a bone pro- 
jecting at the postero-external angle of the roof of the skull. 
It is called the pte}‘otic,^ It may also, in Fishes, have added 
to it a large and distinct ossification, the spheiwtic^ which 
has been called by mistake the post-frontal, and wdiich takes 
part in suspending the lower jaw. 

The tympanic element of the temporal bone of man ma^ , 
even in forms so little removed as are the American Apes, be 
reduced to the ring-like condition which it has in the human 
infant. On the other hand, in many Mammals, e.g. in the 
Dog and especially Macroscelides^ it forms a large inflated 
structure termed a bulla. In oviparous Vertebrates it is not 
represented except by the frame of the tympanic membrane. 

The styloid element may be more conveniently treated of 
under the head of hyoidean structures. It is sufficient to say 

* nrepi'f, a wing. 

* So called because adjoining the alisphenoid,— by its discoverer, Mr. W. K. 
Parker, F.R,S., who also discovered and named the ptcrotic.” 
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here that it is only found very elongated and anchyioscd to 
the skull in man, though an anchyioscd but less elongated 
one is sometimes found in a species of Baboon. 



Fu. lo', —Under Surface of the Skull of the Lemur M arm chits viiuor, showing; 
the inflated auditoiy Inillai (on each side m front of t)\e foramen magnum), and 
.also the defects of ossihcatam in the bony palate. 


The lympano-hyal will also be noticed with the hyoidean 
structures. Only in Mammals, but in them constantly, does 
it form a process of the skull. Its common form, as in the 
Dog, is that of a small cylindrical truncated process, between 
the tympanic bulla and the paroccipital process. In man it 
IS obscured by anchylosis with the styloid process, of which it 
forms the root. 

23. The SPHENOID, like the temporal bone of man, is a 
highly complex one, as is made evident by what we find in 
other animals. 

The body of the sphenoid is a less constant structure as a 
distinct bone than might be supposed. On the other hand, that 
close union between it and the basi-occipital, which in adult 
man is constant, is rarely found elsewhere. Even the body of 
the Snhenoid itsplf. in Mammalc ic cmn#»roU'ir 
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distinct bones, the posterior of which is termed in zootomy 
the bast-sphenoid, while the anterior ossification (in front of 
the pituitary fossa) bears the name of pre-sphenoid. 

The basi-sphcnoid is a point of very great morphological 
importance, marking as it does the anterior termination of 
the chorda dorsalis, which never advances further forwards 
than the hinder margin of the sella turcica. 

Now, there may be no bony representative of the basi- 
sphenoid at all — although more or less of the rest of the skull be 
ossified — as is the case in Lepidosiren and the Amphibia ; or 
it may be represented by a mere rudiment — a little Y-shaped 
bone, only forming part of the front of the pituitary fossa, as in 
the Pike. Thus it need form no part of the inside floor of the 
skull, nor yet any of the basis cranii, although the last-named 
part be well ossified, as it is in osseous Fishes and Batrachians. 
In the Ichthyopsida, in fact, only the median bony investment 



F?c. T04 —Under Si'rface of the Skull of a Frog. [After Parker ) 

<, girdle-bone , eo, exoccipital ; mx, maxilla far, paroccipital ; pm, pre-maxilla , 
po, pro-otic , // pterygoid ; g, quadrato-jugal . sus, snspensonnm of lower 
jaw, the lower end of which represents the quadrate bone ; vomer ; i. optic 
loramen ; 9, foramen ova e ; 3, condyloid foramen^ 

of the basis cranii is a special membranous ossification, termed 
the para-sphenoid, which extends, both backwards and for- 
wards, far beyond the lirnits of the basi-sphenoidal region. 
This ‘ membrane” bone is alsp large and conspicuous in 
snakes (which have the body of the sphenoid in a cartilagi- 
nous condition), but it seems to be representated in man, if 
at all, only by the “ lingula? sphenoidales.” 
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The basi-sphenoid itself, on the other hand, may be hyper- 
trophied, sending out a long rostrum in front and lateral 
processes, as is the case in Birds ; and in man’s own class it 
may develop descending and diverging processes, as in the 
Hedgehog, Centetes, and the Porpoise. In the first two we 
find a hemispherical depression on the under surface of the 
sphenoid body, reminding us of the sella turcica on its 
cranial surface. 

The pre-sphenoid attains not only more distinctness, but a 
much greater length, in Mammals generally than in man. In 
all lower forms, however, it is more or less rudimentary or 
absent : absent, e,g,^ in Batrachians ; rudimentary in Birds 
and some Fishes, e.g. the Carp and Salmon. 

The basi-sphenoid may be directly perforated by the in- 
ternal carotid artery, as is the case in Marsupials ; or the two 
carotid canals may unite in it, as in Birds. 

The posterior boundary of the sella turcica, with its clinoid 
processes, is more prominent in man than in almost any other 
animal, and the depression of the sella is very marked in 
him. It may be quite indistinct, as in Marsupials and 
Batrachians. 

The sella may, on the contrary, be a deep and sudden de- 
pression without any prominent margins directed upwards, as 
m many Fishes, e.g, the Pike. 

A singular and unexpected function may be performed by 
the cartilaginous body of the sphenoid, as in the Pike and 
in very many other Irishes, where it forms part of the roof of 
a large conical excavation of the basis cranii, in which ex- 
cavation the muscles of the eyeball take their origin. 

The greater wings of the sphenoid bear in zootomy the 
name alisphenoid. They fonn a part of the cranial side-w^all 
which is very generally present in an osseous condition, though 
not so in Chelonians or Batrachians. Alisphenoids are in- 
variably developed in all the members of man^s class (Mam- 
malia), and also in Birds and Crocodiles. Usually they take 
a relatively greater share in the formation of tlie cranium 
than in man, w'hose skull-roof bones are so enormously ex- 
panded. This is notably the case in Marsupials and some 
Insectivora, where they extend far back and form the anterior 
part of the auditory bullae, and in the Kangaroo even touch 
the paroccipital process. 

The orbital plate of this bone is not developed in Mammals 
below man’s own order, but its homologiie is developed in 
some Birds, e.g. AccipiternocA Strix: and it is nossihle thnt 
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it may also be represented by the sphenotic, which in bony 
Fishes unites with the pterotic to furnish the point of suspen- 
sion for the lower jaw. 

I'he so-called external pterygoid process of man is really 
but an outgrowth of the alisphenoid, and must be considered 
with it. This part is absent in all animals below Birds, and 
in Birds where it exists, e.g, in the Finches {FnngiUa)y it is 
represented by but a single or double ridge. 

In Mammals generally, however (except the Echidna), it is 
present, and more or less as m man, though mostly it is 
larger and less deep vertically. 

I'he external carotid artery may pierce the root of this part 
(as in the Dog), forming thus a special bony channel called 
the alisphenoid canal. The third branch of the fifth nerve 
may pass more anteriorly with regard to this bone than in 
man, as is the case in the Sheep. On the other hand, it gene- 
rally passes out altogether behind it. A vidian canal is often 
much more conspicuous than in him, e g. in the lower Apes. 

A distinct foramen rotundum is often present and often 
absent. In the latter case, the second branch of the fifth 
nerve passes out through the sphenoidal fissure, as e.g. in the 
Hare, Squirrel, and Stag. 

Each of the lesser wings of the sphenoid is termed in 
zootomy an orbifo-sphenoidy and in some forms, e.g. in Rumi- 
nants, the proportion they bear to the alisphenoid is the 
reverse of that which obtains in man, so that the application 
to them generally of the name they bear in anthropotomy, 
lesser-wings,’^ would be manifestly out of place. These 
bones are constantly present in man’s class, but, unlike the 
alisphenoid, are often absent in the class of Birds, though 
present in many kinds (e.g. Accipiter and Tinamns). They 
are mere rudiments in most Reptiles— often altogether absent 
— though they may be developed in Lizards. In Batrachians 
they may be well developed, or coalesce (as in Frogs and 
Toads) with the ethmoid in a way to be described in treating 
of that borie. In Fishes they are generally absent, but may be 
well developed, as in the Carp, where however they form one 
bone with the pre-sphenoid. 

Occasionally, as in the Hare, they may be so disposed as to 
constitute a median, interorbital septum, the two optic fora- 
mina having become merged one in the other. 

The optic foramen may be excessively minute, as in some 
Insectivora, and there may be a foramen passing from orbit 
to orbit beneath it, as in Macroscelides. 
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The internal pterygdd processes of man represent very im- 
portant and constant parts of the cranium, which exist m all 
classes down to and including bony Fishes. 

The share which they take in man in bordering and bound- 
ing the posterior nares is by no means their normal office in 
Vertebrates generally. In Birds and in all lower Vertebrates 
(except the Crocodiles) they have no connexion with these 
apertures, but are quite posterior to them, serving to connect 
the hinder part of the palatine with the point of suspension ot 
the lower jaw, and, except in Fishes, have also a connexion 
with the sphenoidal region of the basis cranii. 

Sometimes, as in Serpents, these bones may be very 
movable. 

In certain forms, in the Crocodiles, Ant-eaters (see 
Fig. 1 17), and in the Echidna, these bones may develop 
horizontal plates, which form the posterior part of the bony 
palate. So that, in these animals, the posterior nares are 
bounded by the pterygoids, both laterally and inferiorly. 
The pterygoid may be swollen and bullate, as in the Mole 
and in some Sloths. 

The internal (but not the external) pterygoid processes 
really belong, not to the cranial bones proper, but to those of 
the face. 

In Lizards, a peculiar dismemberment of the pterygoid. 
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Fig. 105.— DinKranimatic Vertical, 
Transverse Section of the Skull of 
a Luard. showing the columt’ll<£ 
ascending from the pterygoid bones 
to the parietal^. 

parietal ; //, pterygoid bone , pi\ 
columella, or disinenibcrinent of 
pterygoid ; basi-sphcnoid, diverg- 
ing processes of which join the two 
pterygoids. 

Fig. io6.— Diagrammatic Vertical, 
Transverse Section of the Skull of 
a Chelonian, showing the meeting on 
each side of upward processes of the 
pterygoids with downward processes 
of the parictals. 

/, parietal , //, pterygoid ; basi- 

sphenoid. 


<^allcd the columella^ may ascend and join the parietal. In 
Chelonians a corresponding process of the pterygoid may 
ascend and meet a corresponding downwardly directed pro- 
cess of the parietal. 

24. The ETHMOID is another complex aggregation of ele- 
n.ents which arc distinct in lower animals. In man’s class, 
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however, it remains, for the most part, pretty much as it is 
in him. 

The os planum, in that it is large and conspicuous and 
situated on the inner wall of the orbit, presents conditions 
which man shares with the Apes, but which are very rare in 
other forma. In some Cats, however, it appears in the orbital 
between the lachrymal, frontal, and palatine bones. 

The part corresponding to the os planum of man exists 
within, and hidden by, the maxillary plate in other mammals ; 
but it may be represented by a cartilage or cartilages, as in 
birds. 

The lateral masses of the ethmoid appear in the form 
of distinct bones {pre-frontals) in Crocodiles, Lizards, and 
osseous Fishes. They may, as in the Chameleon, extend on 
to the maxilla, so shutting out the nasals from the anterior 
nares ; and in some Chameleons they may be prolonged so 
as to help to form two great bony horns projecting forwards 
from the muzzle. 

The median ethmoid is constantly present in a cartilaginous 
or osseous condition as part of the internasal septum. Even 
in fishes it is generally more or less ossified. It is possible 
that it may appear on the external sui*fiice of the skull in 
Mammals, as in the Seal Monachus. It does so in Fishes 
{e.g. Carp and Tench), and at least in some Birds. 

A peculiar condition of the parts may exist, such as is found 
in the Frog, where the ethmoid forms (or is part of) a bone 
which has been likened to a dice-box with a vertical parti- 
tion at one end, and has been named by Cuvier os en ceintitre^ 
or girdle-bone. It consists probably of the lesser wings of 
the sphenoid united to the median and parts of the lateral 
ethmoid. 

The ethmoidal cells of the lateral ethmoid may attain a 
much greater size and complexity than in man, as we see in 
the Dog and very many Mammals. On the other hand, these 
parts may utterly and entirely abort, as in the Porpoises. 

A cribriform plate is common to, and generally large in 
man’s class ; it may be wanting, as in the Porpoise, orpnor- 
mous, as in the Echidna. 

The crista galli is more defined in man than generally 
in Mammals, but it may be very large, as in some Seals and 
Ungulates. 

In certain Seals again, as in Cystophora^ and in the Tapir, 
the median ethmoid may extend forwards beyond the anterior 
end of the nasals. 
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The lower turbinals may be noticed next after the ethmoid, 
being of cognate nature. 

The simplicity of their structure in man would hardly lead 
ts to anticipate the size and complexity which they may 
attain in some animals, e.g. in the Badger and the Sheep. 
They may, on the contrary, abort altogether, as is the case 
in the probably smell-less Porpoises. In the Elephabt they 
are but rudimentary. 

In Fishes these bones are quite absent, and in Batrachians 
are represented by a mere cartilaginous rudiment. 

In Reptiles they arc simple, and quite, or almost entirely, 
cartilaginous, though with a slight bony outgrowth in the 
Crocodile. But m Birds they may be represented by two or 
three insignificant ossifications. 

25. As to the MAXILLARY bone, we will consider first the 
whole of it except that small portion in which the incisor 
teeth are implanted ; such whole being the bone called the 
maxillary bone,” or “maxilla,” in other vertebrate animals 
generally. 

In that it presents an external facial part, an internal 
nasal part, an inferior palatine part, and a superior orbital 
part, the maxillary bone of man agrees with that of almost 
all Mammals. 

In lower forms, except the Crocodilia, the maxilla is much 
smaller, and it may be a mere filiform rudiment, as in Silu- 
roids, or abort altogether, as in the Sirm and the Myxinoids. 

It may, on the contrary, be represented by several dis- 
tinct and separate bones placed in a series along the jaw, as 
is the case in the bony Pike {Lepidosteus). 

Very often its length may greatly exceed its height, as in 
the Great Ant-eater and in Cetaceans. 

In that the bone bears teeth, we have in man a character 
which is by no means universal in his class, as e.g, in the 
Ant-eaters, Whalebone Whales, and the Echidna, the maxilla, 
like every other bone of the skull, is edentulous. The same 
is the case in Birds and Tortoises, but in many Fishes (as e,g, 
the Cod) the maxilla may be edentulous, while nevertheless 
other bones of the face bear teeth. 

The facial surface of the bone is occasionally much swollen 
out, as in the Baboons. Sometimes, as in the Paca, this 
surface is rough and pitted, while the bone is excavated by 
a large fossa which opens on the inner surface. Again, the 
facial surface may be very imperfectly ossified and may pre- 
sent a reticulated structure, as in the Hares. 

1 
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The infra-orbital foramen may be multifold, as in most 
Apes, or may be enlarged into an enormous aperture, trans- 
mitting part of the masscler muscle, as is the case in the Por- 
cupine and some other Rodents. This great opening may 
exist, and yet the true infra-orbital canal be defined by a bony 
lamella, as in the genus Lagostomus. 

Thd* palatine plate of the maxilla exists in all Mammals 
and in Crocodiles, yet even in Mammals it may occasiofially 
be excessively reduced, as in the Hare. In the lower classes 
it is wanting. 



Fig, 107. — Side View of the Skull of a Porcupine [Ilystrix cristata) 

/I, angle of mandible ; c, occipital condyle ; cr, coronoid piocess of mandible ; cy^ 
condyle of mandible , /, frontal ; incivor teeth , j, ascending branch of 
maxilla enclosing the enormous infia-orbital foramen, the course of the 
masseter muscle through which is indicated by an arrow ; w, molar teeth , 
mx^ maxilla , «, nasal , pm^ premolar teeth ; pm', paramastoid process , px, 
premaxilla , tympanic bone ; 2, zygomatic arch— the part formed by the 
malar. 

The maxilla may acquire an enormous size, and overlap 
and almost entirely conceal the frontal s, as in Cetaceans. 

.Sometimes, as in Chiromfs, the maxilla is shut out from 
articulating with the nasal bone by the extension upwards 
to the frontal of that separate element of the human 
maxillary bone which is next to be noticed. The latter 
element may, sometimes, be separated by an interval from 
the part corresponding to the rest of the human maxilla, — as 
in the Three- toed Sloth. 

Occasionally (as in some specimens of Macacus nemes- 
triniis^ and in the Gavial) the maxillary bone may join its 
fellow of the opposite side above the nasals, thus separating 
the latter from the frontals. 

Occasionally, as in some Chameleons, the maxilla may 
. project freely forwards as a great bony horn at the front part 
of the face. 
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The second element of the human maxillary bone — namely, 
that in which the incisor teeth are implanted — is termed in 
zootomy the pre-maxilla. Its existence in man, even at 
birth, IS obscured (except on the surface of the palate) by 
anchylosis, and masked by the extension over it of a delicate 
plate, or lamina, of the first and far larger portion of the 
maxillary bone. This lamina is wanting in all other animals, 
and even in the Apes the maxillo-premaxillary suture is for a 
long time or permanently very evident on the face. 

A pre-maxilla is almost a constant element in an osseous 
skull; nevertheless, in some Bats and Shrews (c.g, Crocidura) 
it seems to abort. It may attain a vast size, as in Birds, 
where it forms the greater part of the upper half of the beak, 
and reduces the part representing the other element of the 
human maxillary to insignificance. Generally double in Ba- 
trachians, apparently always so in Fishes, a single median 
ossification may nevertheless, as in Serpents, represent the 
pre-maxilhe of both right and left sides conjoined. 

In man’s class the pre-maxilla vanes greatly m size in dif- 
ferent animals, and this independently of the development 
both of the muzzle and of the teeth ; for the Ant-eater and the 
Whale are both edentulous, and both have an enormously pro- 
duced muzzle, yet, while in the former the prc-maxilla is ex- 
tremely small, in the latter it is very largely developed. A 
nasal spine is very rare, but miiy exist below man, as in 
Pedetes and the Walrus. 

(zcnerally the development of the pre-maxilla is related to 
that of the incisor teeth, which are defined by the fact of their 
being implanted in it, though when they are very large, as in 
Rodents, their roots may extend backwards into the parts 
which represent the first-described element of the maxillary 
bone of man. 

In some Bats (e.g, Vespcrtilio nocitila)^ and the Ornitho- 
rhynchus, we find the pre-maxilla separated by an interval 
from its fellow of the opposite side. On the contrary, these 
may be united not only below but also above the anterior 
nares, as in the Gavial and Echidna. Again, they may be 
united in the middle line, but altogether separated from the 
first- described element of the human maxillary bone, as in the 
Three-toed Sloth and in Serpents. 

In this latter case we have nonnally existing that occasional 
abnormal arrest of development in man, which we call 
“ hare-lip.” 

26. The MALAR bone is almost at its maximum of relative 
I 2 
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development in man, and only in Mammals and the Crocodile 
does it approximate to the condition it attains in him. It is 
a less constant bone than the maxillary, as it is absent in 
some Mammals, e.g. Centetes and also in Batrachian^, 

Serpents, and generally in Fishes. 

It may be merely a delicate spiculum of bone, helping to 
form the zygoma, as is the case in Birds. 

In none but man and Apes does the malar develop the 
orbital plate, and generally in Mammals it does not even 
meet the frontal outside the orbit; and when the orbit is 
encircled by bone,* the malar may be separated from the 
frontal by the intervention of the zygomatic process of the 
temporal bone, as in the Horse. 

Processes may be developed which do not exist in man, as 
is the case in the Sloths, where there is both an ascending 
and a descending process, but no process to form a junction 
with the zygomatic portion of the temporal bone. 

There may be a considerable perforation in the malar, as 
in some Lemurs and Insectivora. 

Sometimes, as in the Porpoise, the malar may be double — 
the zygomatic portion being a separate ossification from its 
front part. 

27, The NASAL bones are more constant elements of the 
bony skull than are the malar bones, as, except in most 
Chelonians, they seem to be constantly developed. There 
may be a pair of them, as in man (and this is the general 
rule), or there may be but a single median ossification, as is 
the case in Varanian Lizards. Even in man^s class (Mammalia) 
they may be represented by a single bone through their early 
anchylosis, as is the case in Centetes^ Spalax, and the Orang. 

The very extremes of development of these bones are also 
to be found in the same class, as in the last-mentioned form 
(the Orang) they all but abort, and in the Porpoises they form 
small rounded masses, each lying in a concavity on the 
frontal bone, and not at all roofing over the nasal passages. 
On the other hand, in the Porcupine they are of enormous 
size, in fact the largest of the cranial bones. 

In the Porpoises the two nasals may cease to follow the 
general rule among Mammals, of joining each other. In 
Fishes they may lie wide apart. They may be shut out from 
bounding any part of the anterior nares, as in the Chameleon, 
where the pre-frontal extends to the maxilla, as before 
mentioned. 

28. The LACHRYMALS may be altogether absent, or may 
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have a different function from that they have in man ; or 
having the same function as in him, they may be considerably 
increased in size and importance. 

" They may be absent as distinct bones even in man’s class 
— especially in forms which pass a large part or the whole of 
their lives in water, and where the secretion of tears is super- 
fluous. 

Thus they are absent by anchylosis with the malar in the 
Dolphins, and are wanting altogether, unless early anchylosed 
with the maxillary or malar, in the Seals and Pangolins. 
On the contrary, though very small, they are present m the 
Elephant and Sircnia, but in an imperforate condition. 



Fig. 108 — Upper View of ihe Skull ol a Dolphin {Dclpknitis globueps). 
^^A/ter Cuvier,) 

c, occipital condyles ; e, median ethmoid in nasal fossa ; /, frontal ovci lapped by 
tnx, maxilla ; nasal , /, parietal, diivcn down quite to the side of the skud , 
pm, pre-maxilla (here enormous) ; so, supra-occipital. 


They are present and of good size in many Fishes (e.g. Pris- 
tipoma), where each lachrymal constitutes the tirst of a chain 
of suborbital scalelike bones, which extend beneath the orbit 
from before backwards. In Fishes, of course, there is no 
lachrymal foramen. 

These bones appear to be absent altogether m Batrachians, 
and sometimes in Birds, though present, and sometimes large, 
in Reptiles {e.g. Chelonians). 

In that the lachrymal is confined to the orbit, man differs 
from most of his own class, except the Apes ; even m animals 
so high up in the scale as Lemurs it not only extends on to 
the check, but the lachrymal foramen is placed there. 
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Often it is of great size, as in the Hare, Ant-eaters, and 
Armadillos, or, as in the Deer, not only largely developed, both 
in the orbit and on the cheek, but also presenting a peculiar 
fossa destined to receive and shelter a special glandular 
structure. 

This bone may join the malar, as in the Squirrel and the 
Hog. Its Junction with an os planum is a very exceptional 
condition, though found in Apes as in man. 

It may join the palatine bone in the orbit, as e.g. in the 
Rhinoceros. 

It may even complete the sub-orbital foramen superiorly, 
as in Dolichotis, 

The lachrymal may develop a small process, as in the 
Hare, or even a large osseous bulla, as in the Hippopotamus 
and most Ruminants, notably in the Giraffe. 

29. The PALATINE bones of man are important and con- 
stant elements of the vertebrate skull, being not only repre- 
sented by ossified tracts in every osseous cranium, but being 
also clearly represented by cartilage in skulls which never 
become divided into separate bony elements. 

The condition, however, which each palatine presents in 
man is a very exceptional one when we compare it with that 
prevailing in Vertebrates generally, and its form and propor- 
tions are exceptional even amongst Mammals, its vertical 
extent in him so greatly exceeding its antero-posterior dimen- 
sion. Already, in Apes, its length is greater in proportion to 
us height than in man. This elongation may be enormously 
increased, as in the Great Ant-eater — though the prolongation 
of the muzzle does not necessarily carry with it a similar 
increase in length of the palatine, as we see in the Dolphin, 
Globicephalns, where it is comparatively short. 

That the posterior margin of the palate bones should form 
the antero-mferior border of the posterior nares is a character 
which man shares with most of his class, and with no other. 
In some Mammals, however (as we have seen), it is the ptery- 
goids which perform this function, as in the only Sauro- 
psidans (Crocodilia) having a palate with a solid bony roof 
like man^s. 

It is the rule, however, that the anterior margin of the palate 
bones forms the postero-inferior margin of the posterior nares, 
as we find to be the case m Birds, non-crocodilian Reptiles, 
and Batrachians. 

This difference of position in the palate bones is owing to 
the fact that the horizontal^ or palatine, plate, and the greater 
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part of the perpendicular plate, are parts which have no bony 
representatives in non-mammalian Vertebrates, with the ex- 
ception of the Crocodiles. Only that part of each palate 
bone which connects the body of the sphenoid with the 
vomer and upper-maxillary bone the sphenoidal and 
orbital processes) is represented by the palatine bones of such 
non-mammalian Vertebrates. 
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Fio. 109 — -Undtsr Surface of a Fowl’s Skuli. {A/fer Parker.) 

if, basi -occipital , ru, points just in front of the anterior opening of the Eusta- 
chian tubes : j, malar ; jnx, maxilUry hone , />, palatine bone ,pf, post-orbital 
process, pt, pterygoid; px, pre-maxiila , q, quadrate bone, qj, quadrato- 
jugal ; so, supra -occipital ; 7/, vomer. 

In almost all those Fishes which have no osseous skull the 
palate bones are represented by the anterior part of that 
cartilaginous bridge, or flying buttress, which proceeds from 
within the front of the mouth backwards and outwards to- 
wards the point of suspension of the lower jaw, and which in 
Sharks supports teeth and is called the upper jaw. 

Sometimes the horizontal plate has large defects of ossifica- 
tion, as in many Marsupials and the Hedgehog. 

Often in Mammals the palatine may directly join the frontal 
in the orbit, as in the Hog, Lemur and P ter op us. It may 
join the lachrymal, as in the Dog. It may extend in the orbit 
between the lesser wing of the sphenoid and maxillary, and 
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between the frontal and the lachrymal, as is the case in 
Dolichotis. It may or it may not take a share in the forma- 
tion of the pterygoid fossa. It appears even to form part of 
the margin of the optic foramen in the Echidna. 

30. The VOMER again is a bone of remarkable constancy. 
It is much less concealed by other bones in Vertebrates 
generally than in man, and may appear not only in the palate 
(where it is indeed normally visible), but also externally on 
the surface of the skull. 

In the fact that in the adult condition it is a median, 
azygos bone, the vomer of man agrees with that of all Mam- 
mals, where it is mostly large. In Birds it may be large, as 
in the Ostriches, or nearly absent, as in the Pigeons. It is 
almost always single in them, but may be double, as in the 
Woodpeckers. In Reptiles it is generally double, but may 
be single, as in the Chelonians. In Batrachians it is in- 
variably large and double. In Fishes it is large and single in 
nearly all, Ixit may 1x5 double, as in Leptdosteus and Sudis, 

In Mammals the shape of this bone, as might be expected, 
varies generally with that of the face. Thus it is extremely 
elongated in the Dolphins. 

In all above Fishes it contributes to form the partition 
between the nasal passages, and (except where the facial 
bones develop palatal plates, as in Mammals and Croco- 
diles) borders internally their posterior openings. 

31. The inferior maxillary bone, or mandible, of man is a 
very characteristic bone, though substantially agreeing with 
that of other Mammals. 

It bears, however, a double relation to parts, we find in 
lower animals. For, while inasmuch as it fonns the whole 
lower jaw it of course agrees with, and answers to, the whole 
lower jaw of each bird, reptile, and fish ; yet in development 
and essential nature, it corresponds with a certain portion 
onlv of the lower jaw of each of these animals. 

Thus it is possible for the part answering to the whole 
lower jaw of man {i.e. the bone called “dcntai7^’) not to 
articulate directly with the cranium, but to be connected with 
it by a whole series of intermediate parts, as is the case in 
all vertebrates below Mammals, and especially in osseous 
Fishes. 

We may find, as .in the Sauropsida, an actual lower jaw 
consisting of several distinct bones (dentary, angular, sur- 
angular, coronoid, splenial, and articular) suspended from the 
skull by a single bone — the os quadatrum ; — or we may find, 
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as in osseous Fishes, the actual lower jaw, consisting of a 
dentary and other bones, suspended from the side of the 
skull by the intervention of more than one bone. 

In the last-named group the lower jaw is suspended from 
elements of the ear capsule (viz. the sphenotic, pterotic, and 
pro-otic) by a bone called the Hyojnandibular^ and by other 
bones the lowest of which is termed the Quad7'ate,\i\\!l\ which 
the \ippermost part of the lower jaw articulates. The bones 
from the hyomandibular to the quadrate (inclusive), or the 
cartilaginous parts which in some forms may represent these, 
are collectively termed the suspensorhim. 



Fig. iio— Side View op the Skull op a Lizakd {Varafius) 
rt, articular bone of manthble ; c, coronoid bone of mandible ; d, dentary ; y 
frontal ; /', pre frontal . /", post-frontal . /, lachrymal , w, malar , mx, 
maxilla; n, nasal , o, pro-otic; /, parietal ; pt, pteryjjoid ; //', colume’la, or 
dismemberment of pterygoid ; pt os transversuin ; px, pre maxilla , quad- 
rate hone , A;?, squamosal 

A lower jaw, however, may be entirely and completely 
absent, as is the rase in the Lamprey. 

In forrns in which the skull is not osseous (as the Sharks) 
the mandible is represented by cartilage. 

Wherever below Mammals the skull is ossified, the lower 
jaw consists of a bone representing the lower jaw of man and 
Mammals, together with three or four other bones forming with 
It the actual ramus on each side ; and, in addition, there is a 
distinct part by which this complex ramus articulates with 
the suspending bone or bones which sustain it. 

This articular part, with the suspending bone (called the 
quadrate” in Birds and Reptiles) or bones (of which there 
may be several, as in Fishes), all taken together, answers to 
parts which are not commonly reckoned as portions of the 
skeleton in man, namely to parts of the internal ear, ue, to 
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certain of the auditory ossicles, as we shall see more distinctly 
when we come to treat of the organs of sense. 

Confining ourselves to man’s own class, his mandible^ 
appears to be well developed, but the form and proportion’ 
of its parts may be very different from what we see in him. 

Thus there may be, as in the Great Ant-eater and Ceta- 
ceans, no representative of the ascending ramus ; or it may 
be very low, as in most Rodents, e,g, the Porcupine. 

The coronoid process may be much developed, rising 
greatly above the condyle, affording attachment to the volu- 
minous temporal muscle, as in the Dog ; or it may be low 
or rudimentary, as in many Rodents. 

A considerable process, termed the angular process, may be 
developed at the point of junction of the posterior borders of 
the vertical ramus with the inferior margin of the horizontal 
one, as in the Dog. This process may be distinctly bent in- 
wards, as in the Opossums and almost all Marsupials. 

The condyle is always either more or less convex or 
flattish (thus differing from the surface offered by the 
articular part of the lower jaw in animals below Mammals, in 
which it is always more or less concave), but its longer 
diameter may be antero-posterior, as in some Rodents, or 
still more decidedly transverse than in man, as in carnivorous 
animals, where the movement of the jaw is vertical and not 
to and fro, — whether from before backwards, as in Rats, 
Rabbits, &c., or from side to side, as in Ruminants. 

Mostly in Mammals the lower jaw continues throughout 
life to be made up of two bones articulating at the symphysis 
by suture — as in the human infant at birth. 

The symphysis generally inclines from above downwards 
and backwards, and only in one Ape (the Siamang Gibbon) 
is there a chin as in man. 

The symphysis may be exceedingly narrow, as in the 
Ant-eater and Porpoise. It may be very elongated but hori- 
zontal, as in the Cachalot. The two rami may be each nearly 
straight, or each may be strongly curved outwards, as in the 
Whalebone Whales. 

The symphysis may be narrow and grooved above so as 
to give it the appearance of a spout, as in the Elephant, or 
it may be extraordinarily produced downwards, as in the 
Dugong. 

The entrance of the dental foremen may be exceedingly 
capacious and funnel-shaped, as is the case in the Dolphin. 

The mandible may be directly connected with the neural 
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spines of the anterior (most pre-axial) vertebras by a very 
strong ligament which prevents the mouth from being widely 
opened. This is the case in the Eft Desmognathus. 

• 32. That very subordinate bone of the human skeleton, the 

OS HYOIDES, or ton^e-bone, is but a feeble rudiment of 
skeletal structures of great size and functional importance 
in the lower Vertebrates. Even less than the temporal bone 
is It capable of revealing its true nature when studied in 
man alone. 

Small, however, and subordinate as is the os hyoides in 
him, it may yet be more rudimentary still. Thus osseous 
parts may be entirely absent, and only represented by two 
delicate cartilages, as is the case in Serpents. 

Throughout man’s class we find a substantially similar con- 
dition to that which exists in him. That is, we find a body 
and a pair of cornua, and almost always a pair of cornicula, 
but the proportions of these parts one to another, and their 
degree of segmentation, vary. 



Fig 111. — Hyoid of a Flying Fox {Ptt'ropm\ showing the much greater length 
of the cormcula than of the cornua 

hk^ body of the hyoid , i/i, comiculum divided into three ‘.egn.ents-^stylo-hyal, 
epx-hyal, and cerato-hyal , the cornua of the os hyoides, or ihyro-hyal. 

{From Flowers Osteology *') 

Thus the cornicula may abort altogether, as in some Apes. 
Or they may be large, and represented by three distinct ossi- 
fications, named respectively (from above downwards) stylo- 
hyal, epi-hyal^ and ceraio-hyal, as is the case in the Flying Fox 
and in the l)og. These cornicula are normally connected with 
that process of the under surface of the petrous portion of the 
temporal bone which has been named the tympano-hyal. 
The lowermost of these three pieces may send out a process 
and meet its fellow of the opposite side in front of the body 
of the bone, as is the case in the Hyrax. 

The cornua are more constant in the degree of their 
development in Mammals. They may be of large size, as 
in the Thylacine, but never present the segmented con- 
dition we so often find existing in the cornicula. They are 
perhaps at about their maximum of relative size among 
Mammals, in the Horse. 



124 


ELEMENTARY ANA TO MY. 


[less. 


The body of the hyoid may be in quite a rudimentary con- 
dition, as in the Sheep, or swollen and inflated to an enor- 
mous relative size, as in the Howling Monkey. It may 
develop in front a long, median, projecting process, termed 
a glosso-hyal^ as in the Horse, which in man is only repre- 
sented by the vertical ridge on the anterior convex surface ot 
the body of the os hyoides. 

When we descend below man’s class we may find {e.g. in 
Birds) that the corniciila more or less abort, while the cornua 
are very long and slender. A glosso-liyal may not only 
extend forwards from the basi-hyal, but another azygos 
median part (the uro-hyat) may extend backwards from the 
basi-hyal. 

A most unexpected condition may exist, as we see by the 
Woodpeckers, in which both the elongated cornua curve over 
the back part of the cranium, and are together inserted just 
above and behind the right nostril I 

In Reptiles we may (as in the Crocodiles) find a car- 
tilaginous body together with one pair 
of cai tilaginous cornua, cind these not 
joining the skull. But generally both 
cornua and cormcula are developed, and 
may be large and complex, as in the true 
Lizards, and the glosso-hyal may be 
enormous, as m the Chameleon. When, 
however, we descend to the class Batra> 
chia we begin to perceive the full signi- 
ficance of the hyoidean cornua, and this 
by means of the transformation under- 
gone by the Frog in its passage from 
Its larval (and fish-likc) state as a tad- 
pole to its adult condition. 



Fig. 112 — Hvoiu ok a 
\ai\k\} - Lai >‘ 7 ta . 


In the fully-developed state the os 
hyoides of the P'rog consists of a body 


iAfterCuvtn ) With a pair of comua and a pair of coini- 


bhy body of the hyoid : 
cS corniciilum , c^, 
cornua ; gh^ glosso- 
hyal , w, uro-hyal. 


Cilia. But the process of development 
shows that the pair of cornua are the last 
mdimcnts and relics of those cartilagi- 


nous arches which exist on each side of 


the neck, in the larva and support the gills. 

These cartilaginous gill-arches of the tadpole evidently 
answer to the great cartilaginous branchial (or gill) arches"^ 
of the Sharks, and to the bony branchial arches of the osseous 


‘For further details concerning these arches see Lesson XII. 
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Fishes. These branchial arches extend on each side of the 
throat upwards towards the spines and support the gills on 
their inner sides. Other cartilaginous arches which were 
’spoken of in the Second Lesson as existing in the Lamprey 
and some Sharks, may support the outer sides of the gills. 
The branchial arches become successively smaller posteriorly, 
or as we recede from the head. Thus we see what numerous 
large and important parts of the lowest Vertebrates are rudi- 
mentarily represented by the human hyoidean cornua. 



Fu,. 113 — Diagram of the Changes undergone by the Hyoid in a Frog in passing 
from the Tadpole stage to the adult condition. 

{Constructed from Parkers Memoir), 

Uf>pemtost left-hand figure^ the youngest condition ; lo 7 vest right-hand ft g^^e^ 
the adult. 

//, the hyoidean arch, ultimately the comicuhim ; b* — b^, the four branchial 
arches which become piradually atrophied, the cornua (or thyro-hyal), M being 
their representative in the adult , b\ another branchial rudiment ; M, the 
body of the hyoid. 

The comicula represent only the so-called hyoidean arch 
— namely, that arch in Fishes which comes behind the lower 
jaw and in front of the branchial arches. 

We have seen that in man’s own class this arch may con- 
sist of several distinct bones, that is to say, of a tympano- 
hyal, a stylo-hyal, an epi-hyal, and a cerato-hyal, though in 
man himself the epi-hyal is only represented by ligament. 
Jt is, therefore, less surprising that in the lowest vertebrate 
class this arch should be large and complex with bony 
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appendages (termed branchiostegal rays) diverging from the 
large cerato-hyals. 

The body of the hyoid is small in Fishes, and excessively 



Fig 114. — Left Branchial Arches ok Perch. [After Cuvier.) 
i, glosso-hyal ; 2, 3, and 4, basj-branchials ; 5, hypo-branchials ; 6, cerato 4 >raii- 
chials , 7. epi-branchials . 8, styliform pharyngo branchial ; 9, pharyugo-brau- 
chials , 6"", inferior pharyngeal liouc , and 9", superior pharyngeal bones . 
5, 6, 7, and 8, first branchial arch . 5', 6', 7', .ind 9, second branchial arch , 5", 
6", 7", and 9', third branchial arch , 5", 6"% and 7'", fourth branchial arch . 
6"", fifth branchial arch 

so when compared with the enormous increase in size and 
complexity of the cornua and cornicula. 



F'ig 115.— Side View of the Cartilaginous Skeleton of the Head oi- 
A Shark. 

This shows the siircessive arches except the first pair, or irabecultp crann, 
which form the base of the skull in front of the pituitary fossa. 

/f , pterygo-palatine, or second arch : wr, mandibular, 01 third arch , hyoidean, 
or fourth arch (the corniculum, stylo hyoid ligament, styloid process^ &c., of 
man). From behind it the branchiostegal ravs are seen extending backwards 
6* to 65 , the branchial arches forming the fifth, sixth, seventh, eighth, and 
ninth arches of the skull. 

[From the College of Surgeon^ Museum.) 

A glosso-hyal and a uro-hyal, iiowever, may exist, as we 
see in the Cod. 
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33. Those. CONNEXIONS OF THE BONES of the skull one 
with another which take place in man are not all constant 
in Vertebrates generally, as we have already seen. Certain 
• unions, however, are absolutely constant and invariable, as 
that of the basi-occipital and basi-sphenoid — the pre-sphenoid 
and basi-sphenoid — the parietal and occipital— the maxillary 
and jugal, when the last -mentioned bone is present. 

Several exceptional connexions have been already given. 

In the skull of many Vertebrates vacuities often exist where 
bone is present in man — tracts osseous in him being repre- 
sented by mei|ibrane only. An example of such defect is seen 
in that region of the skull of Lizards (4’.^. Iguana) which cor- 
responds with the wings of the sphenoid of the human skull. 

The transitory fontanelle* of man is permanent in some 
animals, as e,g. certain Sharks, where the cranium is to a 
large extent roofed by membrane instead of by bone or 
cartilage. 

The excessively dentated condition of certain sutures in 
man is exceptional, nevertheless not unparalleled. We may 
sometimes {eg, in the Gorilla) find sutures even more 
complex. 

The persistence of the sutures in man is less than in 
many animals, and also greater than in many. Thus we may 
find, as in Fishes and Reptiles, a variety of bones distinct 
which in him are united. 'We may, on the other hand, as in 
Birds, find a number of bones united which in him are 
distinct. 

One suture, however, which, as has been mentioned, almost 
constantly persists in other forms than man, is not repre- 
sented in him (except on the palate), even at birth. This is 
the one between the maxilla and the pre-maxilla. Again, 
the intimate union which exists in him between the basi- 
sphenoid and the pre-sphenoid is very far from persisting 
even in his own class. 

On the other hand, that distinctness which always obtains 
in him between the petrous part of the temporal bone and 
the occipital portion of the skull, is very early lost in the 
Sauropsida. 

The skull may present a much less compact mass than in 
man s class. 

Thus m Birds the elongated facial bones which go to form 

^ The fontanellc is a space on the crown of the head, which, in the new>bom 
infant, is only closed by fibrous structures, the parietals and frontals not having 
yet joined. 
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the upper beak, being thin and elastic, are more or less mov- 
able on the rest of the skull, and in the Parrots even by a 
joint. In Lizards the anterior part of the skull is also more or 
less movable on the posterior part. In Fishes we meet with 
an extreme mobility of the jaws (the mandible being sus- 
pended by a chain of bones), as also in Serpents, in which 
not only is each side of the lower jaw separately movable 
and united at the symphysis by a very elastic ligament, but 
each part of the upper jaw can also be advanced singly ; and 
thus, by successively advancing one tooth-bearing part of 
the jaw after another, these animals rather drag themselves 
over their prey than swallow it. 

34. The general conformation of the skull shows that 
almost always the proportion borne by the jaws to the cranium 
IS greater than in man ; and often, as in the Stork, the Whale, 
the Gavial, or the Sword-fish, it is the facial part which is 
enormously predominant. Thus the skull may be extraordi- 
narily elongated as compared with that of man, and tapering 
anteriorly, or it may be much broader in front than behind, 
as in the Hammer-headed Shark. It may also be very elon- 
gated but cylindrical, as in Cenietcs, It may be strangely 
flattened, as in the Matamata Tortoise {Chelys)^ or it may be 
singularly compressed from side to side, and high, as in the 
fish Arteriosus, 

Considering now the external surface of the skull, the 
superior region of man’s is very exceptional in its extent, its 
smoothness, and its rotundity. Generally in man^s own class 
a prominent sagittal ridge runs from in front backwards in the 
line of the sagittal suture. This may be enormous, as in some 
Seals and Carnivora, and even in the very Anthropoid Gorilla. 
One of the most exceptional conditions which this region 
may present is that exhibited by the Sperm Whale, or Cacha- 
lot, where the cranium forms above, a great semicircular basin 
for holding the spermaceti. In this and certain other animals 
of the same order there is a want of symmetry in the skull 
when looked at from above ; the two nostrils and pre-maxillae 
being more or less unequally developed. This asymmetry is 
carried much further in some of the true Fishes (namely, the 
Pluronectidce^ e.g. the Sole, Turbot, Flounder, &c.), where the 
anterior part of the skull is extraordinarily tyristed so as to 
allow both the eyes to come to be on one side of the head. 

Generally when the upper surface of the skull is looked at, 
the anterior nares are more op le$s inconspicuous, and placed 
in front. In certain animals, however, as the Elephant, the 
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Sirenia, and the Cetacea, they look upwards, and open quite 
on the superior aspect of the skull. The same may be said 
of those animals with a short proboscis, the Tapirs and the 
Saiga Antelope. 

The occiput may slope so forward that much more of it 
may be seen (when the skull is viewed from above) than in 
man, as is the case, e.g.^ in the Cape Mole (Chry$ochloris\ 
the Elephant, and the Porpoise. It may, on the contrary, 
be hidden by the projection of a large lambdoidal crest, as 
in the Gorilla and Hyaena. 



Fig. 1x5. — Upper Visw o' ini* Skull a 

Cmncr ) 

occipital condyles ; median ethmoid in nasal fossae ;L frontal, ovci lapped by 
mjc, maxilla : «, nasal , /, parietal, driven down quite to the side of the skull ; 
/w, pre-niaxilla (here enormous) , supra-occipital. 


It is possible that this region may be in large part mem- 
branous, as in some Rays. 

On the contrary, great bony productions may exist, as in 
Ruminants ; cither permanent bony cores sheathed with horn 
«s in the Ox, Goat, &c., or else bony developments (antlers) 
\\ hich are annual in their growth and decay. 

There may be four bony cores, as in the existing little four- 
horned Antelope and in the great extinct Sivatheman, 

The roof of the cranium may falsely appear to be large and 
smooth, as in the Turtle and in the Rodent Lophiomys^ In 
them the real skull is disguised by the outgiowth of bony 
lamellae, which, meeting together, arch over the temporal fossa?, 
and make the skull look capacious when it is not really so. 

The inferior region is very rarely divisible into the three 
K 
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Tin. 117. — Under Surface of the Cranium 
of the Great Ant-eater {^Myrwecophaga 
jnbateCff SOf supra-occipital ; J?C?, basi- 
occipital ; ExO^ exoccipttal ; Ty^ tym- 
panic ; iP/, pterygoid ; Sq^ squamosal ; 
ASy all- sphenoid ; OSy orbito-sphenoid ; 
My malar; Ly lachrymal; Ply palatine; 
Mxy maxilla ; PMxy pre-maxilla. 

{From Flovm^s Osieology”) 


parts of which it is made 
up in man, the anterior 
margin of the occipital 
foramen forming, in the 
immense majority, part 
of the posterior boundary 
of the inferior region. 

(r) The anterior part ot 
the basis cranii of man is 
in him very exceptionally 
short, both compared 
with the middle or gut- 
tural part, and compared 
with its own width. Its 
relative length varies of 
course with the prolonga- 
tion of the muzzle. Only 
in Mammals and Croco- 
diles can it be defined, 
as in man, by the bony 
palate — formed as in him 
by special developments 
of the palatine and su- 
perior maxillary bones. 
Sometimes, as we have 
seen, this part may be 
augmented by the ptery- 
goid bones also taking a 
share in this structure, 
as in the Great Ant-eater, 
the Crocodiles, and Ce- 
taceans. 

It is possible, how- 
ever, as in the Hare, for 
the bony palate to be 
very little developed, or, 
as in the Hedgehog, to 
be only imperfectly ossi- 
fied. The form and pro- 
portion of its component 
bones afford in Birds im- 
portant characters for the 
classification of difierent 
groups. 
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Essentially palatal structures, namely the pterygoid bones, 
in forms below the mammalian class, generally connect the 
palatine bones with the quadrate bone which suspends the 
lower jaw. The bony palate may be enriched by the addition 
of a bone not known in Mammals (the os transversuin), as is 
the case in Reptiles ; or of two extra bones (the ecto-pterygoid 
and the ento-ptcrygoid) ; besides a third peculiar ossification 
(the meta-pterygoid), as in bony Fishes. 

(2) The middle, or guttural part, is a noteworthy one, both 
on account of the physiological importance of the structures 
which modify its composition, and also on account of the 
value which its various modifications possess for the purposes 
of zoological classification. 

Its condition in man is exceptional, both as regards the 
large proportion it bears to the anterior part of the basis 
cranii, and also as regards its small elongation antero-pos- 
teriorly as compared with its breadth. 

The variations presented as regards the mastoid and sty- 
loid processes, the carotid foramina, all sphenoidal canals (for 
the external carotid arteries), &c., have been already noticed 
in speaking of the separate cranial bones, and need not here 
be repeated. 

Sometimes, as in the Crocodile and Great Ant-eater, this 
guttural part of the basis cranii is nearly concealed by the 
immense extension of the palate. At otlicr times, as in the 
Horse, it is much exposed by the smallness of the backward 
prolongation of the bony palate. 

The pterygoid fossa? are found only in man^s class, and by 
no means always in it. Generally, as in the Dog, the pterygoid 
bones are present, but the descending external pterygoid 
process is absent ; so that the pterygoid fossa; want seemingly 
their outer walls. 

The pterygoids may be swollen out into bullate expansions, 
as in the Mole and Sloths. 

Very often, especially in the smaller Mammals, the part 
answering more or less to the petrous part of the temporal 
and to the meatus auditorius externus may be, as it were, 
blown up into vesicular air-containing prominences, termed 
auditory bullae. 

The Eustachian tubes may unite to open into the mouth 
by a median foramen, as in Birds, or may be utterly absent, 
as in Fishes, 

(3) The posterior part of the inferior region of man's skull 
is very exceptionally developed, owing to the advanced situa- 

K 2 
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tion of the foramen magnum. Nevertheless, its maximum 
of development in Mammals is not found in him, but in the 
little American Ape Chrysctkrix. 

In the great majority of instances the occiput is not visible 
when the skull is looked at from beneath, or a projecting 
lambdoidal ridge is seen in the place of the lambdoid^ 
suture. Occasionally, however (as in the Woodcock), the 
occipital surface is largely visible, the foramen magnum 
being situated far forwards, 

A peculiar character may exist in the occiput, as can be 
seen in the Indian Elephant, where there is a deep and sharp 
double depression with a median, vertical ridge. This de- 
pression curiously resembles that in which the cribriform 
plate is placed in so many Mammals, the median ridge 
reminding one of the crista gallL This occipital fossa is for 
the reception of a strong ligament, which helps to sustain the 
very weighty skull. 

An anterior condyloid foramen may be entirely absent, as 
in Fishes, in which class there is no distinct hypoglossal 
nerve. 

Great depending para-mastoid (or par-occipital) processes 
mav replace the mastoids, as in the Horse and the Capybara. 

The anterior ref^ion of the skull of adult man presents an 
appearance but very rarely approached by that of any brute. 
Nevertheless, certain of the American Monkeys (e.g. Pithecia 
and Nyctipithecus) present a close general resemblance, 
which is also to be plainly seen in the young Chimpanzee, 
and still better in the young Orang Utan. 

Generally speaking, owing to the prolongation of the 
muzzle, the skull is so much foreshortened when viewed in 
front that its actual shape can be very little seen,* The same 
apparent distortion also occurs in extremely depressed or 
compressed skulls. 

Although the rounded frontal region of man is all but 
peculiar to him, his superciliary projections are but rudiments 
of what may be developed even in closely allied forms, as 
we see in the Gorilla, the superciliary ridges of which are 
enormous. Very generally the orbital fossae are placed so 
laterally that, unlike those of man, they are very little seen 
when the skull is looked at in front. On the other hand, they 
may approximate more closely than in him, as in many 
Monkeys. As has been said in describing the superior 
maxillary bone, the infra-orbital foramen may be replaced by 
a great aperture, or by a number of small apertures. The 
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bony cheek may, in man’s own class, offer defects of ossifica- 
tion, as in the Hare, or enormous prominences enclosing a 
qjiamber, as in the Paca, or great swollen tuberosities, as in 
the Mandrill. 

The anterior nares may be so high up as to approach the 
summit of the skull, as we see in Cetacea. They may 
present a very large aperture, as in the I'apir. They may be 
widely separated one from the other in the middle line, as is 
the case in mosj. animals below Mammals, but not in all, as 
we see in Chelonians and Crocodiles, which have a median, 
single nasal opening, as in man’s own class. 

As regards the lateral regions of the skull of man : — 

(1) The tempoi'al part may be roofed over and hidden from 
view by plate-like processes extending out from the adjacent 
bones, and which, meeting, enclose the temporal fossa and 
muscle, giving the skull a fictitious appearance of great ca> 
pacity. This is the case in the Turtle, the African Rodent 
Lophiomys, and in the Frog Pelobates, 

(2) The mastoid part can hardly with propriety be so 
called in lower forms, where the mastoid process becomes 
much smaller or aborts altogether. 

The meatus auditorius exlcrnus may in the adults of very 
high animals the American Apes) be re})laced by a wide, 
nearly circular opening, as in the human skull at birth. The 
same meatus may be directed much upwards and more or 
less backwards, as in the Hare. No such part exists in the 
skulls of Fishes. 

(3) The zygomatic part may in man’s own class present 
very considerable differences from the structure which exists 
in him, and more considerable still in lower forms. 

Thus a zygomatic arch may be wanting, as in Centetes, the 
Ant-eaters, and Manis. Both the anterior and posterior parts 
of that arch may be well developed, and nevertheless may 
fail to effect a junction, as is the case in the Sloths and their 
extinct allies ; or a junction may be formed by the help of a 
process of the frontal, as in the Horse, 

tn forms below Mammalia (as e.^. in Birds, the Crocodile, 
&c.) we often find a zygoma formed by the help of a bone 
termed the quadrato-jugal, which connects the malar in front 
of it with that bone which supports the lower jaw, and which 
is termed the quadrate. Besides this zygomatic arch a second 
and superior zygoma may exist (as in most Lizards and in 
some Birds, e,g. the Macaw “ Calyptorhynchus ”), formed by 
the union of the squamous or zygomatic element of the tern- 
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poral bone with a bone termed the post-frontal, and which 
more or less occupies the place of the post-frontal process of 
the frontal bone of Mammals. 

A fundamentally different structure may obtain, as in Fishes, 
where we have, as a rule, no malar ; and where the more con- 
spicuous representative of the temporal bone (exclusive of 
the representatives of the petrous portion) is the pre- operculum, 
— which may perhaps be said to replace a zygoma, extending 
down as it docs to the quadrate bone which suspends the 
lower jaw. The connexion of the quadrate bone, however, 
with the maxillary bone is only effected by means of soft 
structures, which must alone, therefore, represent the inferior 
zygoma of the Sauropsida. The bones which connect the 
quadrate with the upper jaw have relation not to the zygoma, 
but to the palate. 



#7, s’lran^ular bone of mandible . ar^ articular bone ; d, dentary , /*, frontal ; j\ 
ni.dar ; /, lachrymal ; ini\ median ethmoid; mx, maxillary bone ; /, parietal ; 
// j>ost-frontal process , pterygoid bone ; /r, pre-maxilla ; y, quadrate 
bone , gj^ quadrato-jugal , 4^, squamosal, t/, vomer. 


Returning to man’s own class, we find that the lateral region 
is generally much more open than in him. The spheno-maxil- 
lary fissure, for example, is defined by the projection outwards 
of the alisphenoid. Generally this projection is wanting; 
therefore the orbit opens widely into the temporal fossa. 
This fissure may, however, be more closed up than it is even 
in man, as we see in certain Apes, and notably in the Howling 
Monkeys, 

The pterygo-maxillary fissure may also become as it 
were more or less opened out, and the sphenQ-maxillary fossa 
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be plainly visible, instead of being hidden, as it is in man. 
The five foramina of that fossa, viz. the rotundum, vidian, 
^iterygo-palatine, posterior palatine, and spheno-palatine, are 
generally present in the Mammalian class, but with the open- 
ing out of the fossa become more or less, and in different 
degrees, separated from each other as compared with their 
common juxtaposition in man. The spheno-palatine and 
posterior palatine foramina may together be represented by a 
single small opening, as in the Omithorhynchus. 

35. Before considering the internal surfacp: of the 
cranium as treated of in Anthropotomy, it may be well to 
note the relations and conditions presented by a vertical 
longitudinal section of the entire skull, which are exceedingly 
significant and instructive. 

The basi-cranial axis of man forms an angle which approxi- 
mates to a right angle with the basi-facial axis. 

In Birds the angle may be as marked as in man, and the 
human condition may be even much surpassed, as m the Wood- 
cock, where the facial part is so extremely bent down that its 
axis forms a very acute angle with the basi-cranial axis. 

Now, in all the lowest Vertebrates these two axes are in one 
straight line, as in Fishes, Batrachians, and most Reptiles ; 
and even in most Mammals the angle formed by them is 
an exceedingly open one, approximating to 1 80°. 

The importance, however, of this distinction is not really 
so great as at first appears, for there are gieat differences 
with regard to it between animals which are very nearly 
allied. Thus the adult Chacma Baboon differs from his ally 
the Mandrill in this respect almost as much as man differs 
from the Gorilla ; and while the Deer has the two axes almost 
on a line, in the Sheep and Ox they form a very marked angle. 

The shortness of the basi-cranial axis in man when com- 
pared with the extreme length of the true brain cavity, is a 
much more distinctive feature, as in all lower forms this axis is 
very much longer. Thus, in the Sheep, the basi-cranial axis is 
as long as the entire cerebral cavity, and in the lowest Verte- 
brates (where the cerebral hemispheres form but a small part 
of the brain) it very greatly exceeds it. 

Similarly the angle formed by it with the plane of the occi- 
pital foramen, which is so very open in man, contracts in lower 
Vertebrates till it becomes a right angle ; and the same may 
be said as to the olfactory angle, or that formed with the 
basi-cranial axis by the plane of the cribriform plate> or 
its morphological equivalent 
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In this way the peculiarly expanded condition of the 
cerebral chamber of man may be appreciated Taking the 
basi-cranial axis as a fixed line for comparison with other 
animals, we see that in him (Fig. 91) the cerebral chamber 
is of great vertical extent, at the same time that its anterior 
portion is so expanded as to open out the olfactory angle 
from 90® to much beyond 180®, and to similarly open out the 
occipital angle — circumstances in which man widely differs 
from even the highest members of his class and even of his 
order. 

In the fact that the inside of the arch of the skull is marked 
by depressions corresponding with the cerebral convolutions,* 
man agrees with those members of his class which possess 
such convolutions. For in that class the cranium closely 
invests the brain, so that a cast of its cavity well exhibits the 
general features of the cerebral surface. This character, 
however, is by no means universal in the Vertebrates, for the 
cerebral cavity does not contract with the lessening pro- 
portions of the cranial nervous centres, there being {e,g. in 
Fishes) a large quantity of soft fatty substance interposed 
between those centres and the cranial walls. 

The cranial cavity in man overhangs the orbits, but does 
not descend between them. This is a condition which 
obtains very often, but by no means universally ; for that 
cavity may be not only prolonged between the orbits, but 
considerably beyond them. We find this in Serpents, in 
Batrachians, and in many Fishes {e.g, the Carp family), while 
in Birds, Lizards, Crocodiles, and Chelonians the cranial 
cavity suddenly contracts, and there is an interorbital septum 
only. 

The middle of the dome of the skull may be produced in- 
wards as a median, longitudinal, bony plate by ossification of 
the falx. This is the case e,g, in the Ornithorhynchus and 
in the Sea Lion. 

An ossified tentorium may exist, as in some Spider 
Monkeys, in the Racoon, and others. 

The base of the interior of the skull may present those 
differences already noticed in describing the several cranial 
bones. In man^s class it is divisible into the same three 
fossae as in him. This division, however, is not similarly 
marked in lower forms. 

(i) The anterior fossa is relatively much less extensive in 
man than it is in most animals. Even in the Apes the 

* For these sec Lesson VI 1 1, 
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portion immediately above the cribriform plate forms a 
more distinct chamber than exists in man. As we de- 
scend through the mammalian class we often find it much 
prolonged and of a large relative size, as in the Sheep, Pig, 
and others, especially Marsupials, e.g, the Tbylacine. In some 
Ijprms, however, e,g, the Dolphins, the olfactory fossa is quite 
wanting. Great difference in this respect may exist in nearly 

lied forms — eg. in the Ornithorhynchiis and Echidna, in the 
first of which the cribriform plate is very small and bird-like, 
while in the second it is enormously large. 

(2) The middle fossa is relatively larger in man than it 
is in very many lower forms, but not in all, as we see by the 
Dolphins, The foramina vary, as already noticed in de- 
scribing the several cranial bones. Very often the foramen 
rotundum and sphenoidal fissure may be blended in a single 
opening, as in the Squirrel ; or the optic foramen may form 
but one aperture with the sphenoidal fissure, as in the Stag 
and Opossum ; or the two optic foramina may be united into 
a single median foramen, as in the Hare. 

The foramen ovale may be one with the foramen lacerum 
anterius, as in the Horse. 

The optic foramina and sphenoidal fissures may together 
be represented, on the inside of the skull, by a single opening, 
as in the Swan ; and sometimes the optic foramen, sphenoidal 
fissure, and foramen rotundum may be included in a common 
aperture, as in the Booby. 

The sella turcica may be as sharply limited in other forms 
as in man. On the other hand, the pituitary fossa may be 
altogether unmarked, as in Batrachians. 

This fossa may dip down into a large canal nmning for- 
wards and excavated in the basis cranii, as in many Fishes, 
eg, the Pike. This singular cavity has the cartilaginous floor 
of the skull for its roof, w'hile the para-sphenoid bone encloses 
it below. 

(3) The posterior fossa may be much more sharply defined 
than in man, as when a lamella of bone (consisting of an ossified 
tentorium) is attached to the projecting border of the petrous 
part of the temporal bone. The proportion borne by this 
fossa to the middle one varies with the size and develop- 
ment of the cerebellum which it shelters. Only in man 
and a few Apes (notably the Squirrel Monkey, Chrysothrix) 
can this fossa be said to form any considerable part of 
the floor of the skull. The internal auditory foramen in 
all man’s class and In Birds is placed as in him, and there 
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is generally (as notably, e,g,, in the Hare and Mole) also a 
fossa for that process of the brain called the flocculus of the 
cerebellum. 

In some Reptiles, however (as, eg.y the Turtle), the bony 
investment of the internal ear is incomplete on its cranial 
side ; and in Fishes it is even widely open, forming a large 
chamber communicating with the general cranial cavity, and 
termed the “otocrane.” 

36. That degree of completeness of THE ORBITS which 
exists in man — serving for the protection of the eyeball by 
extensions of the cranial bones — is a very exceptional condi- 
tion. Only in him and in the higher members of his order 
—that is, the Monkeys — do we find such an enclosure ; but 
in some of them it may be more complete than it is in him, 
by the junction of the greater wing of the sphenoid with the 
upper maxillary bone, so that the spheno-maxillary fissure is 
reduced to a short and rounded aperture, or even (as in the 
Howling Monkeys) all but or quite obliterated. 

The relative size of the orbits may be much greater than in 
man, as eg in Indris, in the Night- Ape {Nyctipithecus)^ or 
in the Tarsier. On the other hand, the orbits may be rela- 
tively smaller than in man. in die Whales. 



Fto. TTQ — Front View of the Skull of the Lemuroid Indris Laniger; showing 
the hrge si/e of the orbits, which arc also shown to open widely behind into 
the temporal fossa:. 

They may be much more widely separated from each 
other in proportion to their size and the size of the skull, as 
in the Dog and most Mammals. On the other hand, they 
may be much more approximated, as in the Tarsier and in 
the Squirrel Monkey {Chrysotkrix)^ where they are in part 
separated by membrane only. In a great number of animals^ 
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as Birds and many Reptiles, they are only divided from each 
other by a thin interorbital septum, made up of bone or carti- 
lage or membrane. They may, on the contrary, be so widely 
separated (as in the Hammer-headed Shark) that the cranium 
is much broader between them than it is anywhere else. 

Although it is peculiar to man’s order to have the orbit 
enclosed as in him, yet there are other creatures which have 
the orbit protected by a bony rim, as is the case in Ruminants 
{e.g, the Sheep), in the Crocodiles and Turtles, some Lizards, 
and some Frogs. This enclosure is effected by the junction 
of the malar with the true frontal bone (in Mammals, except 
in the Horse, where the zygomatic process of the tem- 
poral bone intervenes) or with a post-frontal bone. In many 
fishes, however, the orbit is bounded infcriorly by a chain of 
skinbones (dermal ossiclet), the suborbital bones, which seem 
to be serial repetitions of the lachrymal ; and in some 
Birds {eg. the Woodcock and the Macaw, Calyptorhyncus) 
there is an analogous formation, and the orbits arc completely 
encircled by bone. 

In the immense majority of man’s class, however, the orbit 
is not even encircled by bone, and its separation from the 
temporal fossa is not in many even marked by a post-orbital 
process of the frontal. The lachrymal foramen (which exists 
m most terrestrial forms) need not open within the orbit, but 
may be, as in Lemurs, upon the cheek. 

The orbits may be continued backwards (as in many osseous 
Fishes, eg. the Pike) into a prolonged conical canal situate 
beneath the cerebral cavity, and protected inferiorly by the 
para-sphenoid. 

In the possession of nasal fossae limited and defined by 
osseous structures man agrees with the whole of the Vertebrata 
above Fishes, except the very lowest of the Batrachians. 

In the possession of two ruch fossae separated by a wide 
or narrow septum, and separated from the mouth by an 
osseous plate, so that they open posteriorly only into the 
pharynx,’ man agrees with all the members of his class, and 
with the Crocodiles also. 

The sheltering of spongy bones (or turbinals) is a character 
which the nasal fossae possess in almost all Mammals, though 
such parts may bo entirely wanting, as in the Dolphins. 
These spongy bones may be represented only by cartilagi- 
nous structures, aq WO find in ^he classes Reptilia and 
Batrachia. 


* Fqf the pharyn^i s«o 1 
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The floor of these fossse may, instead of forming with the 
basi-cranial axis an angle opening downwards (as in man, 
the Hare, and Sh^p), be parallel with it (as in the Dog), or 
form an obtuse angle opening upwards, as in the Elephant, 
or even a slightly acute angle, as in the Dolphins. 

The nares are exceptionally high in proportion to their 
length in man. Their length may be enormous, as in the 
Great Ant-eater and Crocodile, where pterygoid plates follow 
behind the palatine bones and so prolong the bony palate. 

The nares, on the contrary, are in most Vertebrates 
much shorter than m Mammals ; for there are no palatal 
plates to prolong the fossae backwards, and their posterior 
border is formed by the palate bones. Thus the posterior 
nares in such animals {e.g. Birds, Lizards, Frogs) answer 
rather to the middle portion of the human nasal fossae. 

The bones which form the anterior and posterior boun- 
daries of the nasal passage have been already described, as 
also the asymmetrical form of the anterior nares in the 
Cetacea. 

The median division of the fossai, or septum narium, need 
not be partly osseous and partly cartilaginous, as it is m man. 
It may be quite unossihed, as in Chelomans and Serpents, or 
ft may be ossified to the ends of the nasals, as in certain 
extinct species of Rhinoceros and in some Dolphins and 
Seals {eg. the species Leofiina)^ and in one species of Tapir, 
where ossification advances even in front of the nasals. The 
septum may be ossified continuously with the lesser wings of 
the sphenoid, as in the Frog, where it forms the middle part 
of the os en ceinture. 

As to the frontal.^ sphenoidal., and maxillary sintises, it is a 
general character of air-breathing Vertebrates to have some 
or other part of the cranial bones furnished with cavities 
containing air. In this respect, therefore, man is no excep- 
tion to the rule, and indeed he occupies an intermediate 
position, as cranial air-cells may be more restricted or much 
more developed than they are in him, and this not only as 
regards the relative size of the air-cavities, but also as regards 
the number of cranial bones so inflated. 

The frontal sinuses (which are not constant in man, being 
absent at least in some Australian skulls) may be much less 
or more developed than in him in members of his own order, 
fg. in different Apes. In hollow-homed Ruminants they may 
extend into the substance of the horns, or backwards into the 
parietals and supra-occipital. The latter condition exists in 
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the Hog, 'but attains its maximum of development in the 
Elephant, where air-cavities extend even into the nasal bones; 
and the vertical section of the area of the cranial sinuses 
* exceeds, in the adult, that of the cranial cavity itself. 



Fig 120 — A section of the Cranium of a full-grown African Elephant, taken to 
the left of a middle line, and including the vomer (/'&), and the mcseihmoid 
: au, anterior, and posterior naiial aperture, /Vj. 

This section shows the enormous thickness of the skull wall, and the prodigious 
development of air-celK in the frontal above and m front of the cerebral cavit>, 
and above and bcluiid the anteiior nares, an. 

{Friffu yioTuet's “ Osteology'') 


In Birds also they may be \vell developed, while, on the 
contrary, an extraordinarily dense projection of bone may 
take place from the frontals, as in the Cassowary. Frontal 
sinuses may be entirely wanting, as in many Mammals and 
Reptiles, and as in the Frog, and this though other cranial 
elements have large air-cavities, as in the Crocodile. 

The sphenoidal sinuses may be much less developed than 
in man, as is the case in common Monkeys and many Mam- 
mals, e,g, the Sheep and Manatee. They may, however, be 
very greatly developed and extend into the median plate of 
the ethmoid, as m the Elephant Similarly, in oviparous 





142 


BLEMENTAR Y ANA TOMY. 


[less. 

Vertebrates, they may be largely developed, as in many 
Birds, the Ostrich ; or absent, as in Serpents, e.g. the 
Python. 

The maxillary sinus in man is also in a medium state of 
development. In very many forms the maxillary bone is 
solid ; though, in the Elephant, not only the maxilla has air- 
cells, but the pre-maxilla also. In the New World Rodent, 
the Paca, the maxillary bone contains a large cavity which 
communicates with that of the mouth even in the living 
animal. In the Hare the external surface of the bone is but 
imperfectly ossified. 

As has been said, other bones may become inflated with 
air which are not so in man. This, as we have seen, is the 
case with the median plate of the ethmoid, with the nasals, 
and with the pre-maxilla in the Elephant, and with the parie- 
tals and supra- occipitals in the Hog. The pterygoids may 
become adapted to form air-cavities, as in the Dolphins, the 
Mole, and some Sloths, and in old Gavials. The greater 
wings of the sphenoid may be similarly dilated, as in some 
Insectivora (e.g. Centetes) and Marsupials (e.g. Hypsiprymnns), 

The mastoidal cells of man are very commonly replaced 
by large inflations of the tympanic or inferior petrous portions 
of the temporal bone. The postero-external portion of the 
skull may be very largely inflated in this way, as in Macro- 
scelidc!>, iorming a great mastoidal bulla ; and even the angular 
part of the lower jaw may be inflated w'ith air, its cells fcing 
placed in communication with those of the tympanic region 
by a special tube, as in the Crocodile. 

The lachrymal bone may also be inflated and form an 
orbital bulla, as in almost all Ruminants, especially the Giraffe. 

The upper jawbones may be extraordinarily expanded and 
filled with delicate osseous air-holding cells, as in the beak of 
the Toucan. 

The process of development of the human skull, which has 
been before noticed, is of very high zootomical interest, as 
its transitory stages present very interesting resemblances to 
the permanent cranial structures of very different animals. 

Inasmuch as we find in the first indication of the embryo 
an indication of the spinal system which is to be, but none of 
the skull, we are reminded of the headless condition of that 
lowest of Vertebrates, the Amphioxus or Lancelet. 

In that early cartilaginous condition of the cranium in 
-which we have a cartilaginous mass enclosing the anterior 
termination of the notochord in the middle, and an auditory 
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capsule on each side of it, we are reminded of the permanent 
condition of the skull in the Lamprey, 

In that the trabeculae cranii first diverge and then con- 
verge, meet, and so enclose what becomes the pituitary space, 
we find a temporary condition of which large traces remain 
even in adult Ophidians, where the cartilaginous trabeculae 
persist as two rods, one on each side of the para-sphenoid. 



Fig. I2X. — The Skull, Anterior part oj bPiNAL Column, and Bran* 
CHiAL Basket of the Lamprev, 

{Ffont M tiller and Owen ) 

auditory capsule ; cartilafpnous basket, connected above with the side ol 
the vertebral column, with seven complete and descending arches united by 
transverse bands (between which the gill-openings are seen) and sheltering the 
heart and pericardium at the part where the letter b is placed ; p, ethmo- 
vomerine cartilage ; hy rudiment of the hyoid ; «, neural arches , Fy palato- 
quadrate (or pterygo-palatine) arch, the hinder pier of which represents the 
suspensorium, though there is no lower jaw. 

Before the development of the third visceral arch we have 
the permanent condition of the Lamprey, which is always 
destitute of a mandible ; and when, in man, the visceral arches 
successively arise, we have transitorily represented the piscine 
condition, where the solid axes of seven or more such arches 
form the mandible, the hyoidean arch, and the successive 
branchial or gill-bearing arches. 

In the development of the palatal, or second visceral arch, 
there is sketched out a condition permanent in Sharks, where 
the lower jaws bite against a cartilaginous pteiygo-palatine 
arcade which takes the place of an as yet undeveloped bony 
upper jaw. This condition is essentially similar to the struc- 
ture of the Sturgeon, where a comparatively minute pair ot 
jaws (mandibular and pterygo-palatine respectively) are 
suspended at the end of a disproportionately large suspen- 
sorial structure. 

In that stage of the human skull which precedes ossification 
we have a reminder' of the exclusively cartilaginous structure 
of certain Fishes, 

In the distinct ossific origin of the elements of the petrous 
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and mastoidal portions of the temporal bone we have a 
transitory representation of the permanent conditions of the 
same parts in the osseous Fishes. 

In the distinct osseous origins of the wings of the sphenoid, 
of the basi-occipital and basi-sphejioid, and of the lateral 
parts of the occipital bone, there is exhibited a tesemblance 
to the permanent condition of those parts as they exist in 
many animals, as has been already noticed. 



Fifi VihvN or hie laki ii A(.iNoUb Ski'leton or the Head of 

A Shark 

'fhis shows the successive arches except the first pair, or trabfmlm eramt, which 
form the base of the skull in front of the pituitary fossa. 
pterygO'paldtinc, or second arch ; w, mandibular, or third arch ; hyoidean, 
or fourth arch (the cnyrmculum, stylo-hyoid ligament, styloid process, $ic . ot 
man) From behind it the branchioitegal ravs are seen extending backwards, 
6* to 6^, the branchiar arches forming the fifth, sixth, seventh, eighth, and 
ninth arches of the skulk 

I'he same remark applies to the other parts which, at ‘first 
distinct, ultimately coalesce, such as the portions of the 
ethmoid, the upp^ maxillary bones, the pterygoid processes, 
and the squamous element of the temporal bone. 

Finally, that exceptional anchylosis which occasionally 
takes place in aged skulls recalls to us that union of the 
cranial elements which in some Vertebrates, as in Birds, is so 
much more complete than is normally the case with the bones 
constituting the human cranium. 

The consideration of the relations existing between MeckePs 
cartilage and the summit of the hyoidean arch in man with 
the suspensorial and mandibular structures of lower Verte- 
brates, must be deferred until the internal ear is treated of, 
and we come to examine the essential nature of its auditory 
ossicles. ' , " 
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LESSON IV, 

THE SKELETON OF THE UPPER LJMB. 

1. The bones of man’s upper limb are divisible into three 
categories : A. Those of the shoulder ; B. Those of the arm ; 
and C. Those of the hand. 

A. Those of the shoulder are the blade-bone, called the 
scapula^ and the collar-bone, called the clavicle,' 

B. Those of the arm are subdivisible into (a) the upper 
arm, and {b) the fore-ann. 

{a) In the upper arm there is but a single bone, called the 
humerus, 

(b) In the fore-arm there are two long bones placed side 
by side, and called the radius and the ulna, 

C. Those of the hand are divisible into the bones of the 
wrist (or the carpus those of the middle, solid part of the 
hand, called the metacarpus^ and those of the fingers (or 
digits), which are called phalanges:'' 

2. The'SCAPULA is a flat, triangular bone, with three borders 
and two sui faces. One of these surfaces is applied against 
the ribs, and is concave. It is called the subscapular fossa. 
The shortest of its three borders is uppermost. 

The other (dorsal or outer) surface is divided obliquely 
into two unequal parts by a prominent ridge, called the 

spine,” on which account the part above the ridge is termed 
the supraspinous fossa, and the part below it the in/f a- 
spinous fossa. 

This spine becomes gradually more prominent from the 
vertebral border of the scapula, while at its outer end it 
expands into a large freely projecting process termed the 

' a key. * * From itaptroc, the wrist. 

3 From M€Ta, after, and icopirdc. ^ anythinR set in array. 



1^6 ELEMENTAR Y ANA TOMY. [less. 

acroviion^ which is flattened in an opposite direction from 
that in which the scapular spine is flattened. 

The superior and shortest border of the scapula exhibits 
a deep notch, which is converted into a foramen by means 
of a ligament. In front of this notch rises a strongly pro- 
jecting curved process, called from its beak-like shape the 
coracoid,^ 



Fig 123 —Outer or Dorsal View of jhe Right ScArut a of Man. 

4 *, superior angle, inferior angle: ac, acromion : ax-, axillary border, c, 
coracoid ; margin of glenoid surface ; ts, infra-spinous fossa ; «, neck and 
supra-scapular notch, in superior border , s, spine . ss, supra-spinous fossa , 
vertebral margin. 


The hinder border is the longest. It is called the vertebral 
border, because it is nearest to the backbone. 

The third border (called the axtlla7'y border) ascends 
obliquely from the lower end of the vertebral border to a 
rounded, concave, shallow, articular surface, called the 
glenoid ^ cavity (into which the head of the upper-arm bone 
is received), and which is overhung within and in front by 
the coracoid process on its internal side, while the acromion 
overhangs it externally and behind. The part which sup- 
ports the glenoid surface is termed the neck. 

The superior and vertebral borders meet in a sharp superior 
angle^ while at the junction of the axillary and vertebral 
borders is a flattened space for the insertion of a muscle 
called the teres major. 

The coracoid and acromion arise from distinct centres of 

* From aicpoc, a summit, and waoCf the shoulder. 

“ From K6pa$, a crow, and etdo^, form. 

3 From y\tjvn, a superficial cavity. 
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ossification^ The coracoid ossification contributes to form 
the glenoid cavity. 

3. The CLAVICLE is a long cylindrical bone with a slightly 
•sigmoid curvature, placed transversely on each side of the 
neck and connecting the acromion with the manubrium of 
the sternum. Its outer end, in childhood, bears a cartilage, 
termed the meso-scapular cartilage (which ultimately ossifies), 
and is connected with the acromion by a synovial joint. The 
inner end has a distinct centre of ossification (as an epiphysis), 
and unites with the sternum by 
a joint in which is interposed a 
fibro-cartilage (the omosternum) 
having a synovial membrane on 
each side of it. The clavicle is 
connected with the coracoid by 
ligament only. 

4. The HUMERUS {ps huntert) 
is the largest and longest bone 
of the upper limb, and extends 
from the shoulder to the elbow- 
joint. It is imperfectly cylindri- 
cal, with an expansion at each 
end. We may consider it in the 
position in which it is placed 
when the arm is dependent and 
the palm turned forwards. 

The cylindrical part (or shaft) 
has its anterior surface marked 
above by a longitudinal depres- 
sion, termed the bicipital 
because it lodges the tendon of 
a muscle called the Biceps. 

Below and external to this is a 
roughened elevated tract for the 
insertion of the deltoid muscle. 

The lower part of the shaft 
has its anterior surface sepa- 
rated from the posterior surface 
by two lines (or ridges), one on 
each side, which become well marked as they approach the 
lower end of the bone. The outer of these two ridges is 
termed the supinator, or external condyloid, ridge (for reasons 
which will appear), while the inner one is named the internal 
condyloid, or pronator ridge. 



Fig. 124— 'Front View of the 
Right Humerus OF Man. 

by bicipital groove , c/", coronoid 
fos'^a ; ec, external condyle ; gt^ 
great, or radial tuberosity ; h. 
head of the humerus . *V» internal 
condyle; Ih, capitellum; 
lesser or ulnar tuberosity; 
trochlea. 
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The hinder surface of the Shaft presents an oblique groove 
(called musculo-spiral), passing from above downwards. 

The upper end of the humerus shows a large^ rounded head» 
covered, when fresh, with cartilage and articulated to the 
glenoid surface of the scapula by a synovial joint, while a 
Bbrous bag (or capsular ligament) invests the whole articu- 
lation. 

The head is placed, not on the middle of the summit, but 
on its inner and hinder aspect, so that its axis does not coin- 
cide with that of the shaft. 

A little below and on the outer side of the head are two 
blunt prominences. One of these, termed the greater (or 
radial) tuberosity^ is on the outer side of the summit of the 
bicipital groove. The other is called the lesser (or ulnar) 
tuberosity^ and is placed on the inner side of the bicipital 
groove. 

The lower end of the humerus expands considerably, 
having a lateral prominence, termed a condyle, on each side, 
but the internal condyle projects further inwards than does 
the external condyle outwards. 

Between these projections is placed the lower articular 
surface of the humerus for the bones of the fore-arm. 

This articular surface is irregularly concave and convex. 
At its outer part is a rounded prominence, called the capitellum^ 
which joins the outer bone of the fore-arm or radius. Internal 
to this is a pulley-like surface (the trochlea')^ which joins the 
inner bone of the fore-arm or ulna. There is a deep cavit}' 
in front of the humerus immediately above the trochlea. 
This is called the coronoid /ossa, because it receives the 
coronoid process of the ulna. 

There is another fossa, also above the trochlea, but on the 
hinder surface of the humerus. This is called the olecranal 
fossa, from the part of the ulna which it receives when the 
arm is Straightened. Sometimes a perforation connects 
together these two fossae. 

The ends and processes of the humerus ossify separately 
as epiphyses, and coalesce at about the twentieth year. 

5. The RADIUS is also a long cylindrical bone, expanded 
more or less at each end and flattened in front, ue, when the 
arm is dependent and the palm turned forwards. 

Towards its upper end the bone, just above a roughened 
prominence — the “ tuberosity — is narrowed into what is 
called the neck, from which rises the head, concave above 
And articulating by a synovial joint with the capitellum 
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of the humerus, while by a similar joint its margin plays 
into a concavity on the adjacent surface of the ulna, 

. At its lower end the radius becomes much broadened out, 
and its posterior surface is grooved for the passage of tendons. 
Its outer side is prolonged into what is called the styloid 
process. The lower end of the bone articulates with the wrist 
oy a concave surface mainly supporting the hand, which is 
carried round with the radius in pronation and supination. 
These motions have been explained in the Seventh Lesson 
of “ Physiology,” and are pro- 


duced by a rotation of the radius 
on the capitellum. 

When the arm and hand hang 
down, the palm being directed 
forwards, the position is that of 
supination, and the bones of the 
fore-arm are situate side by side. 

When the arm and hand hang 
downwards, but the back of the 
hand is turned forwards, the po- 
sition is that of pronation, and 
the radius crosses over the ulna. 

When we rest on the hands 
and knees, with the palms to 
the ground, the fore-arms are in 
pronation. 

6. The ULNA is larger than 
the radius, and while the latter 
is broader below than above, the 
reverse condition obtains in the 
ulna. The shaft is flattened in 



front, with a sharp outer (or Fig i.^.-Kkon 1 View of Man’s 
radial) margin, to which an inter- Right Radh's and Ulna. 
osseous membrane is attached 3 The Radius: A, the bead: 
whi.h connects the ulna with . 

the shaft of the radius. ress,^.?, greater sigmoid cavity ; 

Its upper end presents a deep lesser sigmo.d cavity ; 

^ ^ 1 /u ^ cranon ; styioid process. 

concavity for articulation (by a 
hinge joint) with the trochlea of 

the humerus. This fossa is called, from its shape, the £Tca/ 
sigmoid cavity^ and is divided unequally by a vertical ridge 
which extends between the two processes which bound the 
fossa above and below respectively. 


^ From Z and 
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The lower process is called the coronoid^^ and is received 
into the corresponding fossa on the front of the humerus. 

The higher and much larger process is termed the ole-, 
cranon^^ and fits into the olecranal cavity on the back of 
the humerus. 

The olecranon forms the prominence of the elbow, and 
terminates in a rough tuberosity. 

On the outer side of the coronoid process is a small articular 
surface, called the lesser sigmoid cavity^ for the border of the 
head of the radius, which turns upon it. 

The lower end of the ulna has two eminences. The ex- 
ternal or radial one, called the head^ is much the larger, and 
presents two articular surfaces. One of these is nearly 
circulai, and articulates with the wrist ; the other, narrow and 
convex, articulates with a concavity on the adjacent surface 
of the radius. 



Fig. 126.— Ant»:rior (palmar) Surface of the Skeleton of Man’s Hand. 

if cuneiforme ; /, lunare , magnum : w*, metacarpal of thumb ; meta* 

carpals of the four fingers ; /, pisiforme : first phalanx of the thumb and 

four fingers — t.e. of the five “digits;”/’'', second phalanx of the five digits ; 

third, or ungual phalanx ; sc, scaphoides , /, trapezium ; /a, trapezoidesf 
u, unciforme. 

The internal eminence is called the styloid process, and does 
i\ot directly articulate with the wrist. 

* K opwvn, the top of a curve 
’ From elbow, and xpeivov, head. 
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7. The CARPUS consists of eight small bones arranged in 
two transverse series. 

The bones of the upper, or proximal row, are; (i) the 
Jicaphoides " (or scaphoid bone) ; (2) the lunare (or semi-lunar 
bone) ; (3) the cuneifonite (or wedge-shaped bone) ; and (4) the 
pisi forme (or pea-shaped bone). 

The first two together form an upper convex surface which 
fits into the distal articular cup of the radius. 

The pisiforme stands out freely, and is rather a supple- 
mentary ossification of a tendon (a kind of extra ossification 
often occurring in different places) than a true bone of the 
wrist. It IS a small bone. 

The bones of the lower, or distal row, are : ( i) the trapezium \ 
(2) the trapezoides j (3) the magiiuvi; (4) the unctfoi'me. 

These bones together form an undulating upper articular 
surface, there being a concavity on the radial side to receive 
a prominence of the scaphoid, and in the middle a strong- 
convexity fitting into the cup formed by the distal sufraccs 
of the three radial (or outer) carpals of the proximal row. 

Distally, the second row of carpals presents varied surfaces 
for the reception of the proximal ends of the bones of the 
middle, solid, part of the hand (the metacarpus), which are 
called metacarpals. 

The magnum is the largest bone of the distal series, while 
the unciformc articulates with and supports two metacarpals, 
namely, the fourth and fifth. 

The trapezium presents a saddle-shaped surface to the first 
metacarpal, being concave in one direction and convex in 
another. 

8. The METACARPALS are five elongated bones, each with a 
rounded head and a base moulded to suit the surface of the 
adjoining part of the carpus. 

The first metacarpal (that of the thumb) is shorter than the 
others, and differs from them b} its mode of ossification, its 
epipUysis being situate only <*t its proximal end, while in 
each of the other metacarpals t^heic is an epiphysis at the 
distal end only. 

The proximal surface of the first metacarpal is deeply 
concave, to suit the saddle-shaped surface of the trapezium — 
its support. ’ 

9. Tne thumb and four fingers arc called “ digits in*^ 
zootomy, each having a further distinguishing name. 

Thus the fii st digit, or thumb, is termed the pollex, ‘ 

* From oKa^pr,, a boat. * 
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The second is the index. 

The third is the “ middle digit.” 

The fourth, the “ ring digit.” 

The fifth the little digit.” 

. Each digit consists of three rather elongated bones, termed 
phalanges, except the pollex, which has but two. 

Each phalanx (like the metacarpals) ossifies by an epiphysis, 
which is situated at its proximal end. 

In each digit the phalanges become successively shorter 
and smaller, the third phalanx (or in the pollex the second) 
being very much smaller than the preceding one, but each 
being a little expanded at its apex to support the nail. 

lo. Extending one’s view to other animals, it may be 
remarked that man, inasmuch as he possesses limb-bones, re- 
sembles the great majority of Vertebrates. Still, a vertebrate 
animal may exist without limbs, as we see not only in the 
Lancelet, but also in the Lamprey, and even in most Serpents. 

In that man has a pair of upper (or thoracic) and lower 
(or pelvic) extremities, he again agrees with most of his sub- 
kingdom. Still, there are many species which only possess a 
thoracic pair fully developed, as Cetaceans ; or only one pair 
at all, as the Siren. 

In the construction of the skeleton of the arm and hand, 
man follows a rule which is universal in so far as the arm- 
bones are attached to and suspended from a scapula which 
forms (together with the clavicle when this exists) the root- 
portion of the limb. For though the root portion may be 
present without its arm-bones or distal appendages (as in 
Anguis and others), yet the distal parts are never present 
when the limb-root is entirely absent. 

Man agrees with the vast majority of Vertebrates in that 
this limb-root consists of solid parts (scapula and clavicle; 
destitute bf any direct union with the sj^inc. The limb-root, 
however, may form a solid girdle, articulated above with 
the spinous element of the vertebral column, which element 
alone interrupts the continuity of the solid zone. This 
is the case, in Rum clavata. The upper ends of the 
girdle may not only meet, but overlap, though remaining 
detached from the spine. This is the case, e.g.^ in the Toad 
Dactylethra. The shoulder-girdle may be completed superiorly 
by being attached to the head through special, interposed 
bones— the supra-clavicle and post-temporal. This is the 
case in most osseous fishes, e.g. Perch and Cod. 
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The bones of the superior extremity of man are of medium 
development as to numbers, for they may be more numerous 
j;though rarely much so), or less numerous, since we may 
select a series of forms in which the number gradually 
diminishes to zero. 



Fig. 127. — Front View of Scapular, or Shoulder, Girdle of the SRArE— 
Rata clavata (After Parker ) 

This figure shows how 111 this animal the shoulder girdle abuts against each side 
of the vertebral column. 

«, coracoid element : pc, epicoracoid element ; s, scapular element ; ss, supra- 
scapular; z/, vertebral column cut across vertically and transversely, and 
showing the canal for the .spinal marrow in its midst. 


II. The SCAPULA of man agrees in the essentials of its 
composition with that of every species of his class except the 
Monotremes. It agrees, that is, in having the coracoid pro- 
cess annexed to it as a mere process ending freely, and not, 
as in the Monotremes and in most lower Vertebrates, where 
the coracoid is a distinct and largely developed bone, ex- 
tending down to the sternum. 



Fig. 128. — Shoulder Girdle of a Bird (Diver). {After Parker ) 

c, right coracoid (its lower end abuts against the sternum— here removed; . 
c/, the clavicles (merrythought) , sc, the right scapula — the rounded glenoid 
surface is indicated m the scapula just where it joins the coracoid. 


Man^s scapula, apart from this process, is, as we have seen, 
flat and triangular—a shape which, though common, is by 
no means universal in the Vertebrata. 

Thus, €,g,y in Birds we find the scapula to consist of a long, 
narrow, more or less sabre-shaped bone, though not quite 
always so, as it becomes considerably broadened out in the 
Penguin. 
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Even in man’s own class the scapula may become much 
narrowed, as in the Dog ; or extremely so, as in the Shrew, 
and still more so in the Mole. 

The scapula is entirely osseous in the adult in man, who in 
this respect agrees with most Mammals and with Birds, 
but in the majority of lower Vertebrates above Fishes, and in 
the Ungulata amongst Mammals, the part answering to the 
posterior border of man’s scapula remains permanently, or 
for a very long time, cartilaginous. In harmony with this 
condition, we tind that the base of the scapula in man long 
remains a separate epiphysis. This part may be quite 
distinct, as is the case in the Toad and some F'ishes, e.g. the 
Sturgeon and Raia clavata^ where it bears the name of 
supra-scapula. 

In the fact that the scapula is the great bone of the 
shoulder, man agrees with the rest of his class ; but its size 
may be equalled or surpassed by the part answering to the 
coracoid process, as in many Birds and Reptiles, or it may 
be reduced to relative insignificance by the much greater 
development of the clavicle, as in most Fishes. 

The scapula (or rather the vertebral portion of it, or supra- 
scapula), instead of being, as in man, widely separated from its 
fellow of the opposite side, may be separated from it only by 
the cartilaginous representative of the spinous processes of 
the vertebrae, as m liaia clavata; or the two scapulae may 
overlap the one the other, as in the African toad Dacty- 
lethra. In the last-mentioned animal the supra-scapula is 
many times larger than all the rest of the bone. Com- 
paring the other members of man’s class with man, we find 
that the sub-scapular fossa may be situated (if we define it 
by the attachment of the subscapiilaris muscle) not on the 
inside, as in him, but on the outside of the blade, as is the 
case in the Echidna. 

The spine of the scapula is a structure constant in man’s 
class, but it may be very little developed, as in the Mole ; or 
it may be easily overlooked, inasmuch as it forms the actual 
anterior (in man the upper) border of the scapula in the 
Monotremes. In these Monotremes its direction is so 
changed that it lies on one and the same plane with the 
blade of the scapula ; the supra-spinatus portion of the blade 
being next the ribs, and the infra-spinatus fossa and sub- 
scapular fossa together forming its actual outer surface, the 
axillary margin (which ordinarily separates those two latter 
fossae) aborting. The spine may be in close juxtaposition to 
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the anterior border, as in the Dolphin. There may be a 
second spine behind the normal one, as is the case in the 
Armadillos. 

An acromion process is the ordinary Mammalian termi- 
nation to the scapular spine, but this may be utterly wanting, 
as in the Hyrax and the Giraffe. It may not only be large, 
but give off a distinct post-axially directed process, termed 
the met acromion,, as m the Hare, Elephant, and Shrew, the 
acromion in the latter animal appearing to bifurcate. 



Fig. 129 — Side View of Right Shoulder Girdle of Young Echidna 
\(^KchU{ua hystrix) 

ks, supra-scapular epiphysis ; ssf, sub-scapular fossa ; //, post-scapular fo sa ; cb, 
coracoid border; gb, glenoid border ; 4, spine; a, acumion ; css, coraco- 
scapular suture ; g^c, glenoid cavity ; c, coracoid , ct, cpicoracoid , ci, clavicle , 
tc, inter-clavicle , /s, pre -sternum, or manubrium 

(From Flower's “ Osteology ”) 

The acromion may join the coracoid process, and thus form 
a bony loop, as in the Two-toed Sloth and in Birds — the bony 
connexion answering to the ligament which connects the 
processes in man. 

A distinct acromion process may be developed where 
there is no clavicle, as is the case in the Dolphin. It may be 
very long and present an articular surface for the humerus, 
as is sometimes the case in the Armadillos. 

The articulation which takes place between the acromion 
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and the clavicle is constant in mammals where the latter bone 
is developed, except in the Mole and Three-toed Sloth. In 
the Mole, however, there is a strong ligamentous connexipn 
between these parts, and in the Three-toed Sloth the sepa- 
ration is a secondary condition, owing to the gradual atrophy 
of the acromion which was primitively connected with the 
clavicle. 

The supra-spinatus fossa may be about equal to the infra- 
spinatus one, as in the Dog and Shrew, or larger than it, as 
in the Lion and in Sloths. It may, on the contrary, be little 
more than a groove, as in the Dolphin, or it may (and this is 
very exceptional) be large and situate entirely on the inner 
(or body) surface of the blade, as in the Echidha. 


Fk;, 130— Right Scapuia and 
Scapular part of Claviclf ok a 
Shklw — Sorex. (After Parker. ) 

rt, acromion , c, coracoid , cl, clavicle ; 
via, metacromion , tftss, meso-sca- 
pular segment. 

The portion for the origin of the teres major muscle may 
be greatly produced, as in the Armadillos and even in 
Baboons. 

The superior border of the scapula may be very much 
longer [han the base, as in Ungulates, and enormously so in 
the Mole. It may, on the contrary, be relatively shorter even 
than in man, as in the Chimpanzee. It may be very convex, 
as in the Mandrill Baboon ; and, most strange of all, it may 
form what is apparently the posterior margin of the scapula, 
as in the Echidna. 

The supra-scapular notch may be converted into a foramen, 
as even in one of man^s order {e,g, in Mycetes), and in the Two- 
toed Sloth. The notch, however, may be entirely absent, as 
in the Deer and many others. 

The base may be much the shortest of the three borders, 
as in the Dog and Ungulates, and especially in the Mole, It 


Fig. 131 —Scapula ok a Porpoise. 

a, acromion ; c, coracoid ; g, glenoid 
surface. 
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may, however, be very much elongated, as in the Chim- 
panzee and Dolphin. 

The axillary border is, of course, drawn out where the sca- 
pala is long and narrow. The most singular situation of this 
border is found in the Echidna, where it appears as a slight 
ridge traversing the outside of the blade of the scapula. 

The postero-superior angle of the scapula may be rounded 
off, as in the Dog and many others. It may, on the other 
hand, be very prominent, as in the Dolphin. The inferior 
angle may also be either sharp or rounded. 



Fig. 132 — Right .Scapula and Ciavicik of Two-toed Sloth {Cholccput 
Jioffmanni). 

<?/", pre-scapular fossa ; pL post-scapular fossa : gc. glenoid cavity ; acronuon ; 
c, coracoid ; csf, coraco scapular foramen , c/, clavicle. * 

{From f^lo7ver's Osicologyl) 

The neck of the scapula is always the narrowest part of 
that bone in man’s class, but when we descend we may find 
it to be the widest part, as in some Fishes, e.g. Rata clavata. 
Passing now to the second part of the scapula, in man called 
the coracoid process, we shall find that, rudimentary as is 
this part in him compared with its condition in lower forms. 
It is nevertheless not at its minimum, for it may be, as in 
Ungulates, e.g, the Deer, quite rudimentary. On the other 
hand, it may be relatively larger than in man, as in the Two- 
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teed Sloth, where it joins the acromion. It may be not only 
long, but also forked, as in the little Pipistrelle Bat. It may 
also join the clavicle, as in the Three- toed Sloth and Mole. 

As has been said, this part may even in man’s class (viz. in 
Monotremes) be a large distinct bone connecting the scapula 
with the sternum, and having an additional flat bone placed 
in front of the inner end of the coracoid, called the epi- 
coracoid, and a distinct rudiment of the epicoracoid may be 
found in a higher Mammalian form, e,g. in Sorex, 

The coracoid shares with the scapula the office of forming 
the glenoid surface for the humerus, and it may become fused 
with the clavicle, as in the Mole. 

The coracoid may not only be a large bone rivalling or 
exceeding the scapula, as in Birds, but there may be complex 
structures divisible in zootomy into coracoid and epicoracoid, 
as before said, and also in addition a part termed pre-cora- 
coid, which, though essentially related to the coracoid, will yet 
be more conveniently spoken of in treating of the clavicle. 



Fig. i‘?3. — Shoulder Girdle of a Bird (Diver). {After Parker ) 

r, coracoid (its lower end abuts against the steinum— here removed); cl, the 
clavicles (merrythought), sc, the scapula— the rounded glenoid surface is 
indicated in the scapula just where it joins the coracoid. 

These coracoid elements may take the form of a. large car- 
tilaginous sheet passing down from the glenoid surface to the 
middle line of the breast, as in Efts ; or may appear as two 
bones sp passing down on each side, one in front of the 
other, as in the Frogs ; or as a large sheet of bone and carti- 
lage often more or less perforated, as in many Lizards. 

Instead of a single glenoid surface (as we find in all Ver- 
tebrates above Fishes which have pectoral limbs), we find 
what may possibly be several distinct glenoid surfaces, as 
three in Bata clavata. 

Where the coracoids arc in the form of large lamellae, they 
may overlap one the other, as in Batrachians, e.g. Salanmn- 
dra and the Frog. 

The coracoid and scapula may form one cartilaginous 
whole, while the supra-scapula remains distinct, as in Raia 
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clccvata. They may form one osseous whole in Birds {e,g. 
the StrtithionidcB or Ratitce), continuing on in one main 
direction. They may, on the contrary, as in all carinate, or 
ordinary Birds, be so placed that the coracoid forms with the 
scapula an acute angle open backwards. 

To the parts which represent the scapula and coracoid in 
osseous Fishes, the names of ulna and radius have sometimes 
been respectively applied. The coracoid may attain a pro- 
digious size, as e.^. in the Opah fish {Lamprts), 



Fig. 134. — Bones op the Right Arm and Shoulder of ikf. Smaii 
Tan R HC — Hemu entetts, 

7 ‘his view shows the elongated scapula with bluiH metacrovnon and very snail 
coracotd ; also the largely-developed clavicle attached to the end of the 
acroviion and projecting freely—the humerus with the prominent deltoid 
ridge (or crest) and the radtvs applied closely in front of the uliia^ which 
latter bone has a well-developed ilecranon. 

12. The apparent simplicity of the clavicle in man would 
hardly allow of a correct d priori conjecture as to the 
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complexity of the parts which may represent, or most nearly 
correspond with it in the lower, and especially the lowest, 
Vertebrates. 

In fact, however, the clavicle of man is made up of four 
parts, as has been noted. Thus we have — 

(1) The body of the bone.^ 

(2) The acromial end of tlie clavicle, remaining cartilagi- 
nous in the young state, called the meso-scapular segment. 

(3) The sternal epiphysis of the clavicle, called the pre- 
coracoid. 

(4) The inter-articular fibro-cartilage interposed between 
the clavicle and the sternum, called the omosternum. 
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Fig 115.— Inner part of Clavicle 

ANP PART OF StFRNUM OF A ShREW 
^Sorex (After Parker ) 

cl, sternal part of clavicle ; cr, cpi- 
coracoid , pc, pre-coracoid , ost^ omo- 
kternum. 



Fig. Right Scapim.a and 

Scapular part of Clavicle of a 
Shrew — Sorex, (After Parl:er.) 

a, acromion ; c, coracoid ; c/, clavicle . 
mn, inetacromion , mss, me&o-sca- 
pular segment. 


Now, inasmuch as the clavicle of man consists of only 
one conspicuous element, is separated from its fellow clavicle 
by the sternum, and connected externally with the acromion, 
it has the general characters of the bone in his class. It 
may, however, be entirely absent, as in all Cetacea and 
Ungulata, in many Carnivora and Rodents. 

It may, on the contrary, be very short and riidimcntar>', 
and suspended ]yy long ligaments both to the scapula and 
sternum, ^is in the Guinea-pig and Rabbit. 

It may be separate from its fellow of the opposite side and 
from the sternum, as in the Cassowary and Kmcu. 

It may — though this is very rare — have ultimately coalesced 
with the coracoid, so as to form a complex single bone of 
double nature, as in the so-called clavicle of the Mole, which 
helps to form the articulation of the humerus. 
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The clavicles may be fused together in the middle line, 
as in the merrythought of Birds. 

The meso-scapular segment never appears to become very 
large, but the pre-coracoid part becomes very considerable in 
the Ostrich, where a foramen indicates the line of demarcation 
between it and the true coracoid, and it is large in many 
Lizards, e.g. the Monitors. In Chelonians the pre-coracoid is 
a large bone descending from the glenoidal region down- 
wards and inwards towards the ventral shield of the cara- 
pace. It has been spoken of as a true clavicle, as also the 
anterior of the two bars which, in the Frogs and Toads, pass 
inwards from the scapula, but which seems to be really a pre- 
coracoid. 

The last element, the omosternum, becomes amongst Mam- 
mals very conspicuous in certain Shrews and Mice ; also in 
certain tailless Batrachians, e.g. Pseudis and Pipa. It may 
be that this element is the same as that next to be noticed, 
and which otherwise has no representative in man, or in any 
but the lowest Mammals. 

The element in question is the inter-clavicle, which is 
enormous in the Monotremes, and forms the bulk of that large 
T-shaped bone which prolongs as it were thg manubrium ol 



Fig. T37 —Front View of Left Half of Shoui dfr-girdi.e of a Gecko 
'LxZKRD-^IJemtdactylus (After Parker ) 

coracoid , cl, clavicle ; t, inter-clavicle ; ntc, meso-coraci^d ; /c, prc-cdracoid ; 
s, scapula ; ss, supra-scapula ; st, sternuttu 

the Sternum, and which bears on its diverging arms the small 
splint-like clavicles. The same element is more or, less 
similar in shape in many Lizards, e.g. Iguana and Monitor, 
It may be cruciform, as in Cyclodus^ or a simple forwardly 
directed ossicle, as in the Crocodile, or a median expanded 
lamella of bone or cartilage, as in Anguis and Chelonians. 

M 
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It may be small and serve to connect the clavicles, as in 
Birds, where it forms the middle of the merrythought. It 
may be very large and bifold, as in many Fishes, e.g. Coitus 
and the Sturgeon. 

The true clavicle, more or less cylindrical or at least slender 
in Mammals and Birds, may become expanded in Lizards 
(e.g. Hemtdaciy/us, Cyclodus^ and especially Trachydosaurus), 
In Chelonians also the clavicles are greatly expanded and 
form the two foremost bones of the ventral part of the 
carapace, the median one immediately behind them being 
the inter-clavicle. 



F»g 1^8 —ScAPiTLAR Arch of a Fish— (After I^arlcer.) 

the fourth or lowest of the four brachials which together may represent the 
humerus, and to which the fin rays are attached . r, coracoid . c/, clavicle , /c, 
pre-coracoid ; post-temporal, which connects the scapular arch with the 
skull; aA supra-clavifJc— the bar of bone unmarked, which descends back- 
ward^ is the Poit<lavicle. 


The great size of the clavicle here and in Trachydosaurus 
prepares us for the still vaster development of this part in 
Dony Fishes, where the clavicles become enormous, and may 
not only be provided with a distinct inter-clavicle, but also 
each with a distinct portion above — the supra-clavicle (as in 
the Dory, Zeus^ the Sturgeon and others), and besides this 
with a posterior element, a post-clavicle, as in the Dory, 
Perch, and Cod. 

Thus the clavicle of man, instead of being the simple struc- 
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ture which it seemingly is, really represents some elements 
which properly belong to the coracoid, and other elements 
which may greatly increase both in size and complexity 
•in other animals. At the same time its inconstancy is 
such that it may utterly abort, while the scapula and even 
the coracoid element are largely developed. 

13. That important bone of the human skeleton, the 
HUMERUS, is constantly present in Vertebrates above Fishes, 
wherever there is an upper limb at all, although differing 
in size and shape. It never, however, 
seems to be present where there is no 
representative of the hand — in this 
respect, as we shall see, differing from 
the thighbone in the relation of the 
latter to the foot. 

In the lowest Vertebrates, i,e. in all 
Fishes, it is difficult to say what cer- 
tainly corresponds with the humerus 
of man, but very probably the several 
bones or cartilages which articulate 
with the coracoid and scapula (at the 
several glenoid surfaces before de- 
scribed) may be such representatives. 

In this case it may be said (i) cither 
that several (two to five) bones or carti- 
lages together represent man’s humerus, 
or (2) that each of these is in fact a rudi- 
mentar)’^ humerus, so that a fish has 
thus several humeri on each side. It 
is possible, however, that this bone (or 
perhaps the next limb segment — radius j, 
and ulna) may be represented by a 
single cartilage— as in Ceratodus. 

Leaving, however, these members of ^ 
the lowest Vertebrate class, we shall 
find that higher forms show the several 
parts of man’s humerus to be capable of different degrees of 
development, yet that on the whole great variations are 
rare. 

As being the largest bone of the ami the humerus of man 
follows the general rule, but it may be much exceeded in size 
by a bone of the fore-arm, as in the Bat and Eagle, while 
its length may be quite insignificant compared with that 
of the entire limb, as in the Dolphin, Its length may, how- 

M 2 




i 64 elementary ANATOMY. ' [lkss* 

ev^er, exceed that of all the rest of the limb put together, as 
m the Apteryx. It may also exceed the length of the whok 
body, as in the Pelican ; while a few Birds, e.g. the Martins, 
have it remarkably short. 

In its being cylindrical in shape man’s humerus is normal, 
but it may be almost as broad as long, as m the Mole and 
some Cetacea. The head of the hu- 
merus is generally less spheroidal than 
in man, with high projecting processes 
(the tuberosities), as in the Carnivora, 
eg. the Dog. It may have the form of a 
transversely extended articular ridge, as 
in Birds. 

The shaft of the bone may be twisted 
like the letter S, as in the Tortoises, but 
that twist of the shaft which we find in 
man is peculiar to him and to the high- 
est Apes, though there is something like 
it in Birds. 

The greater (radial) and lesser (ulnar) 
tuberosities are very constant structures, 
one or both appearing down to the lowest Batrachians. 

They may project much more than in man (as e.g.., amongst 
many others, in the Dog and Sheep), or the two may be fused 
into one, thus obliterating altogether the bicipital groove, as 
is the case in the Cetacea ; or they may project much and 
so sharply as to make that groove a very deep one, as in the 
Turtle. 

The so-called “ lesser ” tuberosity may be as large as the 
** greater” one, or even come to exceed it in size, as in the 
Two-toed Sloth, the Bat Pteropus^ and the Lizard UromasHx. 
Beneath the lesser tuberosity a deep cavity may exist, as in 
Birds : this is to allow air to enter the air-cavity within the 
bone, ma'iiy bones in many Birds being thus filled with air 
instead of marrow. 

7'he rough surface for the deltoid is in man’s humerus but 
a faint indication of what may in other forms, e.g. the Seal, 
Mole, Beaver, &c., be a very prominent ridge. 

The lower end of the bone may be either more expanded 
relatively than in man, or less so. Thus, e.g.., the condyles 
may be very greatly produced, as in the Mole, Armadillos, 
and Echidna, or they may be quite rudimentary, as in the 
Deer and Hare. 

Very often a foramen may exist above the internal md* 
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Fig 140 —Right Hu- 
merus OF A Mole. 

tc. external condyle ,* 
A, head , «V, internal 
condyle: t, capitel- 
lum. 
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dyle, as e>g. in the Wombat. This serves to transmit the 
median nerve and brachial artery, which are thus protected 
by bone in a way found only by a very rare exception indeed, 
iT ever, in man. There may be a notch or a foramen above 
the external condyle, as in some Lizards, e.g. Psammosaurus. 

The transverse extent of the inferior articular surfaces of 
the humerus of man is greater than in very many forms, on 
account of the articular surface for the radius coming to be 
in front of, instead of at the side of, that for the ulna. W’e 
sec this very distinctly, eg , in the Dog. 



Fig 14T — Anterior Surface of Rioht Humerus of Wombat 
vombatus). 

A, head . bgy bicipital groove : r, great or radial tuberosity ; t\ small or ulnar 
tuberosity ; r/r, deltoid ridge ; fr, supinator ridge ; supra-condy4ar foramen , 
external condyle ; tc^ internal condyle ; ar, articular surface for rauius . 
au, articular surface for ulna. 

{From Fl&wer's Osteology ”) 

The fossae for the coronoid process and olecranon, which 
sometimes communicate by a perforation in man^s humerus, 
may do so normally and constantly, as eg, in the Hare. 

Rarely (as in some Tailed-Batrachians) a dense ligament 
may connect the head of the humerus with the glenoid cavity, 
as we shall see that the head of the thighbone is normally 
connected with the cavity which receives it. 
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14. The RADIUS is a bone constantly present and distinctly 
represented, wherever an arm exists, in all Vertebrates 
above Fishes. In Fishes its exact representative cannot be 
determined. The ossicles or cartilages, however, which may 
be distally annexed to the representatives of the humerus, 
probably as a whole represent both the radius and the ulna. 

In the constancy of its 'development the radius shows its 
generally greater importance as the main bone of the fore- 
arm, when compared with the ulna, which latter may more 
or less completely aboit. 

In Birds, however, it is subordinate in development to the 
ulna, which is the main bone of the fore-arm in them, e,g, 
the Eagle. 

In its elongated figure the radius of man agrees with the 
same bone as generally developed, but it may be shortened 
and flattened even in some Birds, eg, the Penguin, and very 
much more so in Cetacea, eg, the Dolphin, and still more 
so in the extinct Ichthyosauria. 

Instead of being free as in man, the radius may anchylosc 
at each end with the corresponding extremities of the ulna, 
as is ,thc case with the Sirema. 

It maybe the solitary apparent representative of the bones 
of the fore-arm, which are completely fused together, as in 
the F'rog and Camel. It may be all but the only bone of the 
fore- arm, through the small development of the ulna, as is 
the case in Bats and Ruminants. 

That crossed position of the radius with relation to the 
ulna which is called pronation in man, is the constant and 
only position of the bone in many, as e.g. the Dog, Elephant, 
and hoofed beasts generally. Pronation and supination, 
however, are not confined to man. They exist sometimes 
very distinctly, as e,g, in the Apes and Sloths, 

No mo^tion of the kind is possible in many forms in which 
the radius doss not cross the ulna, as in Bats and Birds, 
where such a flexibility of the limb would be fatal to flight. 
Pro- and su pi-nation arc also impossible in the Cetacea, 
where there is no movable cl bow-joint at all. 

But the limbs may permanently retain a position which 
indeed is primitive and temporary in man ; that is to say, 
ihere may be no crossing of the bones of the fore-arm, and 
yet the whole dorsum (or extensor surface) of the limb may be 
turned outwards somewhat in the position in which a man puts 
his arms when, resting on his two palms, he stoops to drink 
from a pool between them. Even thus the primitive position 
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cannot be quite assumed by the adult human being, though 
it is the permanent condition of some Reptiles, especially 
the Chelonians. 

. The head of the radius is often much larger relatively 
than in man^ as e.g. in the D6g and Ruminants. 


c 


pi 

Mr 
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Fit.. 143 —Right Phctoral Limb of a Giraffe. 

c//, fcaphoides ; d\ proximal phalanx of third digit : proximal phalanx of 

fouith digit , magnum , great tul>erosity of the humerus ; /z, shaft of the 
humerus , ///, lunare , united mciataisals of third and fourth digits , r, 

olecranon i pi, pisiforme ; r, radius . ic, cuneiforme ; un, unciforme. 

15. As with the radius, so with the ULNA, wc can only 
employ Vertebrates above Fishes for comparison. • 

In the proportion it bears to the radius, man's ulna agrees 
on the whole with the relation obtaining in the majority of 
forms. 

It may, however, be larger and more important than the 
radius, as is the case in Birds, e.g. the Eagle. On the con- 
trary, it may be very much smaller and more or less abortive, 
as in Ruminants and Bats. That the proportionate size of 
this bone has no relation to flight is shown by the just- 
mentioned fact, that it is the larger bone in Birds and the 
smaller one in Bats. 
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The olecranon process of man is larger than in many 
forms ; thus e.g. it is relatively larger than in Birds. It is, 
however, much larger relatively than in man in many Mam- 
mals, even eg. in Baboons, and still more in Ungulates, the 
Monotremes, and the Mole. There may be a detached sesa- 
moid ossicle at the end of the olecranon, reminding the 
observer of the knee-pan, or patella, of the leg. This is the 
case in some Bats. 

The ulna’s articular surface for the humerus may merely 
complete that offered by the radius, the two together forming 
a single concavity for the reception of the humerus. This is 
the case, eg., in Ruminants. 

The styloid process may be much more prolonged than in 
man : we find it so in the Gibbons. The distal part of the 
ulna may, on the contrary, abort altogether, as in the Bats. 
It generally, however, articulates with the carpus directly, as 
the radius does. 

16. Inasmuch as the hand of man is made up of the 
carpus, metacarpus, and phalanges, it agrees with the corre- 
sponding segment in all Vertebrates above Fishes ; where, if 
any element of the arm is present, the hand is present 
likewise. 

17. Inasmuch as the CARPUS of man consists of a few 
t-elatively small bones, it agrees with that of all other Verte- 





Fig. 143. — Dorsal Surface of Skei fton of Right Hand of the Tortoise 
Chelydra (After Gegenbaur.) 

c, cunciforme ; *«, tnterinedian (or centrale). /, lunare ; w'— wS, nietacarpals ; 
r, radius: s, scaphoides; «, ulna; t — 5, the five distal carpals, namely— 
X, trapezium ; 2, trapezoides ; 3, magnum , 4 and 5, divided unciforme. 

brates above Fishes, except that in some Tailed-Batrachians 
and Cetaceans the parts are more or less permanently, car- 
tilaginous. The number of carpal bones, however, may be 
increased to ten, as in Chelonians, or it may be reduced to 
two, as in Birds. 
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Very rarely, as in the Crocodile, the two proximal bones 
may be so much longer than the others as to take on some- 
what the character of “long bones,’* and to constitute by 
themselves another limb segment. 

18. The BONES OF THE FIRST ROW of the carpus, e>^cept 
the pisiforme, may be represented by one single bone, as in 
Pteropns, 

Inasmuch as the scaphoides articulates with the radius, it 
has a character which is constant. The distinctness which it 
possesses in man is by no means universal. Thus the sca- 
phoid coalesces with the lunare in the Carnivora and many 
other Mammals, and also probably in the Crocodiles. It 
unites with the cuneiforme in addition in Pteropus. It may 
coalesce with the trapezium, as in the Three-toed Sloth. It may 
become a considciably elongated bone, as in the Crocodile. 

On the outer (radial) side of the scaphoid we often find a 
small ossification of a tendon, or sesamoid ossicle, corre- 
sponding with that sesamoid ossicle of the ulnar side, which is 
counted as a carpal, and called the Pisiforme. 

This radial sesamoid ossicle is found even in Apes, but it 
attains its maximum in the Mole, where it strengthens and 
broadens the hand for digging. It is found even in some 
Reptiles, as e,g, in Emys curopea. 

An extra bone which exists in many Vertebrates, but not in 
man (and which goes by the name of os cen/rale, or inierme- 
diu 7 n\ is most probably a dismemberment of the scaphoid. 

1 1 is present and distinct in the Apes, except the very highest, 
and many other forms, including most Reptiles and Batra- 
chians. The form of the scaphoid in Emys ew'opea seems to 
show that the centrale is a dismemberment of the scaphoid, 
as indeed does its position in the Orang. 

This conclusion is indicated by the occasional ossification 
of the scaphoid from two centres, in the class Mamingilia. 

The centrale may form a very large and conspicuous part 
of the carpus, to the abortion of any representative of the 
trapezium. This, e.g,^ is the case in the Crocodile ; and if 
the centrale be a dismemberment of the scaphoid, then, con- 
sidering the length and size of the undoubted scaphoid or 
scapho-lunar bone in the Crocodile, the equivalent of man’s 
scaphoid forms alone the larger hdf of the carpus in that 
reptile. Again, the centrale may form a singularly con- 
spicuous part, as in the Chameleon, where it is surrounded 
by the more distal bones of the carpus, which have re- 
spectively coalesced with their adjacent metacarpals. 
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As has been already said, the semulunar bom may coalesce 
with the scaphoid in many animals, e.g. the Dog. It may, 
on the contrary, unite witn the cuneiforme, as in the Sala- 
mander and Triton, and probably in Birds. It seems also to 
be generally absent as a distinct bone in Reptiles other than 
Chelonians, Thus its distinctness in man is a rather ex- 
ceptional character. 

The separate and well -developed condition of the cuHei- 
forme in man is one which characterizes it generally, it being 
one of the constant carpal bones ; the only noteworthy devia- 
tions are that, as just said, it may coalesce with the' lunare, or 
even with the scaphoid also, as in Pteroptis ; or that it may 
be very considerably increased in length, as in the Crocodile. 
It may be relatively larger than in man, as in the Turtle ; 
or smaller, as in the Mole. 

The inconstancy of the pisiforme is a consequence of its 
being really no true carpal, but only an accessory sesamoid, 
like the radial ossicle spoken of in noticing the scaphoid. 
Thus It is often absent, as in many Cetacea, the Sirenia, 
Birds, many Reptiles, and all Batrachians ; while it is very 
small in Bats, Seals, and others. It may be much larger and 
longer relatively than in man, as eg. in the Carnivora. 

19. The I 30 NES OF THE SECOND ROW are by no means so 
constant in number or development as are those of the first 



T'k, T44 — Left Hand of Chameleon, showing the opposition between the two ulnar 
and the three radial digits. 

— the five complex boneii formed of the union of each met.icarpal with the 
corresponding distal carjial bone . r, radius , «, ulna, 1, ulnar proximal carjial 
bone , 2, radial proximal carpal bone ; 3, intermedium or centra c. 


row. They may coalesce with the metacarpals, as is the case 
in the Chameleon. 

The importance and size of th.e trapezium in the human 
carpus, owing to the relation it bears to the development of 
man’s thumb, are very different from what we see in some 
members of man’s class, and even- order. 
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The saddle-shaped surface for articulation with the first 
metacarpal is not so well developed in any other form as it is 
in man. 

• The trapezium may be quite rudimentary, as in Charopus^ 



Fig. 145. — Bones of Mani s of Chcrrojfus casianotis, 

<r, ciineiforme ; I, lunare ; w, magnum: A’, radius, j, scaphoides, trape- 
;'g»(Jes; /wi, irapc/mm; ulna, u, unciforme ; //., ///., .and second, 

third, and fourth digits. 

{From Flower's Oiieologyy) ^ 


or altogether wanting, as in the Horse^ Sheep, Pig, Dolphin, 
Salamander, &c. 

As to Birds, no distinct trapezium is distinguishable ; and 
the same is the case with Crocodiles, but a trapezium exists 
in many Lizards. As has been said, it may, as in the Three- 
toed Sloth, coalesce with the scaphoides. 

The trapesoides is a more constant bone than is the pre- 
ceding one, as it seems to exist in all Mammals which have 
a carpus, though its existence is not to be made out in Birds, 
or clearly so in Crocodiles. It may be relatively smaller or 
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larger than it is in man, and it may, as in the Three- toed 
Sloth, coalesce with the os magnum. 

The os magnum may be much smaller relatively than in, 
man (as eg. in the Bear and Hare) ; or relatively larger (as 
in the Hyrax); or it may seem to abort altogether, as in 
Birds. Compared with the bones of the second row only, it 
may be, as in the Horse, a more predominant bone than it is 
in man. 

The undivided state in which the uncifo 7 'm hone exists in 
man is universal m his class. 

It may, however, be represented by two distinct bones 
corresponding with and supporting the fourth and fifth meta- 
carpals, as in Chelonia^ Chelydra^ and Salama^idra. There 
may be no bone whatever capable of identification with it, as 
in Birds. It may be much smaller or larger relatively than 
it is in man. 

An additional ossicle not found in man may be present in 
the ligament connecting the trapezium and unciform bones. 
This is the case in the Potto {Perodictiais). 

20. The distinctness and development which the meta- 
carpus or middle segment of the hand attains in man are 
characters which are normal. The somewhat opposed posi- 
tion of the first metacarpal in him is only found in a few 
Mammals besides — in Monkeys and Lemurs. 

The metacarpals, however, may fuse with the distal carpals 
-—the trapezium with the first metacarpal, as in the Three- 
toed Sloth, or all five with the corresponding carpals, as in 
the Chameleon. 

A more complete opposition may obtain, however, than that 
which exists between the first and the other metacarpals in 
man ; as is shown by the Chameleon, in which the three radial 
metacarpals are as strongly as possible opposed to the two 
ulnar o?»es. 

In the number of these bones and their sub -equality of 
development man agrees with many Vertebrates above 
Fishes. Nevertheless, the number may be much reduced, 
and the proportions of the several bones may vary in differ- 
ent modes. 

Thus there may be but a single metacarpal (the third), with 
a*udiments of two others, as in the Horse ; or there may be but 
a single bone, which consists of the third and fourth fused 
together, as in the Sheep, Deer, &c. 

Again there may be but two, the second and third, with 
another rudimentary metacarpal (which answers to man^s 



SKELETON OF UPPER LIMB. 


173 


IV.] 

fourth), as in Chceropus; or the same two with a rudiment 
of the first metacarpal also, as in Cholcepus. 

We may have the second and third metacarpals well de- 



Fifi 146 .— Rjght Pectoral Limb of Horse. 

cuneiforme ; A, humerus ; /w, lunare ; metacarpal of the third digit— the 
only one fully developed ; rudimentary fourth metacarpal ; ntg, magnum ; 
pt, pisiformc; proximal phalanx; middle phalanx; >3, third or 
ungual phalanx ; sesamoid ; uiiciforme. 


veloped, with a rudiment also of the first, all three being 
fused together into a single bone — as is the case in Birds. 

There may be but three sub-equally 
developed, and these may be the secona, 
third, and fourth, as in Proteus and 
Rhinoceros ; or they may be the first, 
second, and third, as in Seps tridactylus. 

The three may be anchylosed together 
at their proximal ends, as in the Three- fig 147 — palmak 
toed Sloth. ViFw OF Left Hani> 



The metacarpals may decrease in size 
from the first to the fifth, as in Seals ; or 
increase from the first to the fifth, as in 
the Manatee. 

They may be singularly unequal, the 
third being by far the thickest and ex- 
tremely short, as in the Great Armadillo 
far the slenderest and extremely long, as 


OF SeF6 TRIDACTYLUS. 

{After FUrhrtnger.) 

There is here hut a mi- 
nute rudiment of the 
4 th digit. The pollex, 
index, and third digit 
are well developed. 

; or the third being 
in the Aye- aye. 



174 


ELEMENTARY ANA TOMY 


[less. 


The first may disappear or be rudimentary, as happens in 
» very many forms ; or the second digit alone may be very 
reduced, as in the Potto. 

The first may be short and the four others exceedingly 
elongated and slender, as in the Bats ; 



or the first three may be short and the 
fourth enormous, as m |he Pterodactyles. 

The whole five metacarpals may be 
extremely short and stunted, as in the 
Mole, and still more so in the Land Tor- 
toises and in the Ichthyosaurus. 

The number five is never increased 
(except by monstrosity) in any known 
Vertebrate. 

21 . The number of digits which may 
be developed has been indicated in 
treating of the metacarpus. Thus there 
may be but a single digit, as in the 
Horse; two, as in Ruminants, and in 
Choeropus. There may be three, as in 
the Rhinoceros, Proteus^ and Seps 
(second, third, and fourth, or first, 
second, and third) ; or, as is very often 
the case (e.g. Pig, Dog, &c.), there may 
be four. 

The digits are never certainly more 
than five (except by monstrosity), al- 
though in the Ichthyosaurus extra mar- 
ginal bones give the appearance of more. 
The filamentary bones which terminate 
or fringe the fins of Fishes are not digits 
at all, but are dermal ossifications called 


^ fin rays,” which will be spoken of with 

the external skeleton. 

4 / f When a digit is wanting, it is generally 

A the pollex, as m Spider Monkeys, but it 
poiicx, with ' a very may be the fifth, as in Pterodactyles, or 
the fourth and fifth, as in Birds. 

The thumb (pollex) may be more or 
less opposable, as in most Monkeys and 
Lemurs ; or two digits may be opposed to three, as in the 
Chameleon. 


The second digit may be greatly reduced, as in the Potto ; 
or the third may be disproportionately slender, as in the Ayr- 
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Aye ; or thick, as in the Great Armadillo. The digits may be 
enormously long, as in the Bats ; or short, as in the Land 
Tortoises. They may be very imperfectly developed, as in 
•Birds. 

They may be so united by dense tissue as to be quite 
incapable of separate motion, as in the Cetaceans. The 



Fig. 149 —Right Hand of Ostrich. 

< radial carpal ossicle ; ulnar carpal ossicle ; proximal phalanv of the 
index digit ^vhlch lias three phalanges : phalanx of third digit , /, ulna , 

m ^ and m metacarpals of second and third digits anchylosed together and 
with that of the pollex ; proximal phalanx of pollex ; r, radius. 

bones of the fingers or phalanges of man are the same in 
number as in other Mammals with the exception of the 
Cetacea. In distinctness they also agree with most, but it 
IS possible for the proximal row of phalanges to become 
anchylosed to the metacarpals, as is the case in the Three- 
toed Sloth. 

The phalanges, instead of decreasing in length, distad,* as in 
man, may so increase — as in the three ulnar digits of Dasypus 
villosus, A terminal phalanx of a digit may far exceed in 
length its two proximal phalanges, as is the case in the 
middle finger of Pfiodonics, and in the three middle digits of 
Pcrameles, 

The number of phalanges may be much greater than in 
rnan, eg. as many as fourteen, in the third digit of Glo- 
biocephalus. Often in Reptiles the number of phalanges 
increases from two in the pollex to five in the fourth digit, as 
in the Monitor. The abortive hand of Birds at its best has but 


> Ar we4>rocccd from above downwards to the fingers’ ends. 
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three digits, with two phalanges to the pollex, three to the 
index, and one or two to the third digit. 

The terminal phalanges may bifurcate slightly, as in Pera- 
meles and in the Mole, or widely, as m some Toads and Frogs. 



m 


I'lG. ISO— Bones of Manus or 
Bandicoot {Perameies). 

r, cunetforme ; 4 lunare ; m, mag- 
num . Rf radius ; x, scaphoides : 
tdi trape/oides ; trapezium : 
£/,ulna ; unciforme , /. — f'., the 
digits ; J, pollex ; K, little finger. 

{From Flower* s Osteology.**) 





Fig. 151 

1. Ungual Phalanx of a Bear, show- 
ing the enlargement at the ventral 
side of its proximal end, d. 

3. Ungual phalanx of a Sloth, show- 
ing the enlargement, d^ on the 
dorsal side of its pioximal end. 

3. Widely bifurcating distal phalanx 
of the Toad, Hyladactylus (or 
Kaloula). 


They may develop a large fold of bone to support the claw, 
as in the Cats, where the inferior part of their proximal end 
is much enlarged, while it may be the upper part of the same 
which is enlarged, as in some Edentates. 
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LESSON V. 

THE SKELETON OF THE LOWER LIMB. 

1. The skeleton of the lower limbs, like that of the upper, 
is divisible into three categories : A, that of the hip ; B, that 
of the leg ; and C, that of the foot. 

A. The skeleton of the hip, or the haunch-bone, is called 
the inuominaium^ and there is one such on each $ide in 
the adult man. 

B. The skeleton of the leg is subdivisible into — 

{a) That of the thigh, which consists but of one bone, called 
the femur (os fetnoris). 

(b) That of the lower part of the leg, which consists of two 
bones placed side by side. The larger of these is called the 
tibia ; the other, much more slender and placed on the outer 
side of the leg, is called the fibula^ or peroneal* bone of the leg. 

C. The skeleton of the foot is subdivisible into three parts : 
(a) that of the ankle, the tarsus ; ^ (b) that of the middle 
part of the foot, the metatarsus ; and (c) that of the toes, or 
digits— composed of the phalanges. 

2. The OS INNOMINATUM is a very large bone, meeting 
with its fellow of the other side in the mid-vcntral line of the 
body, and being strongly attached to the sacrum behind , thus 
forming, with the intervention of the last-named bond, a solid 
bony girdle, supporting the trunk above, and being itself im- 
posed on the limbs below -the head of the thigh-bone fitting 
into a socket on the outer side of the os innominatum. 

Each os innominatum is made up originally of three dis- 
tinct bones, which become united when youth is merging into 
manhood. These three bones are the ilium, the ischium, 
and the pubis. 

* From its not bearing any special resemblance to any one object. 

^ So called because it clasps the larger bone of the leg, 9r«povri> a clasp. 

® Front Tapaoi;» a crate. 

N 
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The innominate bone thus consists of three parts, (i) A 
widely expanded upper part joins the sacrum and extends 
down to the socket for the thigh. This is the ilium.* 

(2) From the thigh-socket a bar of bone runs forwards and 
inwards. This is the pubis.® 

(3) Another, stouter, piece of bone curves first downwards 
from the thigh-socket, and then inwards and then upwards 
till it meets the pubis. This is the ischium.^ 



Fig 152.-- Outer Side of Right Os Innominatum of Man. 

rt, acetabulum; at, anterior inferior !>pinous process of the ilium : as^ anterior 
superior spinous process of the ilium ; c, crest of the ilium ; */, lUo-pectineal 
eminence ; 0. obturator foramen ; pubis— its horizontal ramus , //, posterior 
inferior spinous process ; ps, posterior superior spinous process ; j, spine of the 
ischium , t, tuberosity of the ischium. 


The ilium has a wide outer surface (marked by two curved 
lines), the upper border of which is termed the ‘‘ crest*^ and is 
convex and arched. From the front end of the crest the 
anterior border descends sharply to the pubis, a blunt promi- 
nence (ealled the tito-pecHneal eminence) marking the point 
of junction. A sharp ptcrminence (termed the anterior supe~ 
rior spinous process) projects from the anterior border of the 
ilium at its summit, and another — the anterior inf erior spinous 
process — projects from it a little above the thigh-socket. F rom 
the hinder end of the crest of the ilium descends its posterior 
border, the summit of which is marked by the posterior 
superior spinous process^ separated by a small notch from a 

* So called from its relation to the iVm, entrails. 

* In reference to its superficial exoskelcton—i r. the hair. 

^ Named from the Greek io-xio* hips. 
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strongly marked prominence called the posterior inferior 
spinous process,^ beneath which 'ihe border is deeply excavated 
and concave. 

• The inner surface of the ilium is concave, forming the iliac 
fossa, and at its hinder part is a rough irregular space fqr 
articulation with the sacrum. The ilium forms about the 
upper third of the socket for the thigh-bone. 





Fig. X5J.— Inner Side of Right Os Innominatum of Mah. 
at, anterior inferior spinous process . anterior superior spinous process ; an, 
auricular surface; c, crest , /, ischium , */, ihac foss.a ; p, pubis—its hon/cntal 
ramus ; pt, posterior inferior .spinous process ; ps, posterior superior spinous 
process , .r, spine of the ischium ; sy, part of the pubis which abuts against its 
fellow of the opposite side to lorm the pubic symphysis 

The pubis, or pubic bone, forms the inner part of the thigh- 
socket, joining the ilium above, and at its junction con- 
tributing to form the ilio-pectineal eminence. It thence pro- 
ceeds horizontally inwards (as a band of bone flattened from 
without inwards, called the horizontal ramus) till it meets with 
its fellow of the opposite side, when it turns sharply down- 
wards. The junction of the two pubes is termed the sym- 
physis, and the part of each pubis next the symphysis is 
sometimes called the body; thence the pubis runs outwards 
and downwards (as a flattened band, similar to the horizontal 
ramus, with which it forms an acute angle) till it meets the 
ascending ramus of the ischium. 

The ischium forms the outer and lower part of the thigh- 
socket, and indeed of the whole t)s innominatum. The body 
of the ischium forms about two-fifths of the socket for the 
thigh, which cavity is situated on its outer side. The body is 
broad, and sends from its posterior outer margin a large sharp 
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process called the spine of the ischium. Below this, and below 
the socket, the bone contracts and then expands again, the 
expansion having a rough prominent surface, which is called 
the tuberosity of the ischium ; and it is the two tuberosities (of 
the two ossa innominata) which support the body when in a 
sitting posture. Just below the tuberosity, the ischium sends 
forth a flat band of bone (the ascending ramus), which, curv- 
ing forwards and upwards, meets the descending bony band 
of the pubis spoken of above. 

The socket for the thigh-bone (which has been so often 
referred to) is called the acetabubim^^ or cotyloid"^ cavity. It 
has a prominent rim, except at the inner and lower part 
where the rim is interrupted by a notch (the cotyloid notch). 
There is no perforation in the acetabulum, but its surface just 
within the notch is depressed, the* depression affording attach- 
ment to the very strong ligamentum teres (or round ligament) 
which goes from it to the head of the thigh-bone. 

Enclosed by the ilium, ischium, and pubis, there is in each 
os innominatum a vacant, oval space called the obturator^ 
foramen^ one such being placed on each side of the pubic 
symphysis. 

The deep concavity, in the posterior border, between the 
posterior inferior spinous process of the ilium and the spine 
of the ischium, is called the greater tschiatic notch; the 
smaller concavity, between the spine of the ischium and the 
tuberosity of that bone, is called the lesser tschiatic notch. 

The two ossa innominata, together with the sacrum, form 
what is called the pelvis^ or basin-shaped cavity which sup- 
ports the viscera. 

The internal surface of each os innominatum is divided 
into two parts by a prominent line running upwards and 
backwards from the upper part of the pubis to the sacrum. 

The ividth from side to side of the pelvis is but rarely ex- 
ceeded by its depth from behind forwards, but exceeds the 
greatest vertical extent of the ossa innominata. 

A strong ligament connects the tuberosity of the ischium 
with the sacrum, the coccyx, and the posterior margin of the 
ilium. great sacro-sciafic ligament. Another 

ligament goes from the sacrum and coccyx to the spine of 
the ischium. This is termed the small sacro-sciatic ligament 

' From it^ re«einbknce to an ancient viqegar cup. 

“ From KorvXri, a cup. 

3 Because it surrounds the obturator membrane which closes up park of the 
pplvic cavity. 
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3. The FEMUR is the longest bone of man’s skeleton, and, 
like the humerus, is more or less cylindrical, with a rounded 
head to fit into the acetabulum above, 
aftd with an expansion below with 
two articular suriaces. ^ ^ 

The . shaft is slightly arched for- 
wards, is smooth in front but with m 

an elongated prominence behind, % % jj 

termed the linea asj>era, which is ■ 

most marked about half-way up the 1 [j 

bone. I I 

At the upper end of the shaft are 1 I 

two conspicuous projections. The ex- I j 

tcrnal one of these (projecting from 1 1 

the outer margin of the bone, which 1 ! 

It continues upwards), is called the I ! 

^reat^ or peroneal'^ trochanter. The I 1 

internal projection, which is smaller, 1 j 

more conical, and rounded, stands out I 1 

from the inner and hinder side of the I I 

bone, and is called the lesser y or tibial I 1 

trochanter. I 1 

Between the two trochanters, on I I 

the hinder side of the femur, a bony I \ 

prominence extends, which is termed I i 

t\\Q posterior inf er-trochantericrtd^e; I \ 

and a less marked line, the anterior m \ 

inter-ti ochanteric ridge al so connects m \ 

the two trochanters on the front sur- 
face of the femur. ^ 

On the inner and hinder side of the SB 

great trochanter is a pit, termed the 
trochanteric fossa. « p 

From the inter-trochanteric ridges R,\.\iT Femv^of 
a narrower rounded portion of bone condole, 

projects inwjirds, forming an obtuse external tuberosity ; gtr^ 
angle with the shaft. This is called 

the neck of the femur. It ends m a internal tuberosity, itr, 

rounded head (forming a large part lesser trochanter; «. neck 

of a sphere) which fits into the ace- 
tabulum. 

The femur is connected with the os innominatum by the 
strong ligamentuni teres before mentioned, the attachment of 

.. ' Because situate on the same side as the peroneal bone of the leg. 
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which to the femur is indicated by a pit on the head of that 
bone. It is also attached by a bag-like (or capsular) liga- 
ment, which, extending from the innominate bone, is inserted 
into the inter-trochanteric lines. 

It is the neck of the femur which is so often broken by 
old persons, through alteration, not only in the texture, but 
also in the shape of the bone ; for with age the neck comes to 
form with the shaft a less and less open angle, and the bone 
is thus less and less adapted to resist vertical pressure. ^ 



Fig. 155 — -Pokterior Surface of IIfi’fr Part of Right Femur of Man. 

ir, intertrochanteric ridge; g'ir, great trochanter, / /;% lesser trochanter, «, 
neck ; pit in the head of the femur for the Itgameninm Utes. 


Fracture of the neck of the bone is called a fracture within 
the capsule, because the part broken is within the capsular 
ligament. Such a fracture can never be adjusted, the leg 
being drawn up by the muscles and shortened, producing 
incurable lameness for the rest of life. 

On the outer side of the hinder part of the femur, a little 
below the great trochanter, is a more or less marked vertical 
ridge, which serves for the insertion of the glutens maximus 
muscle. 

At the lower end of the femur are two prominences named 
condyles^ (see Fig. 154), separated behind by a median de- 
pression. 

The external condyle is the larger, and more forwardly pro- 
jecting; its articulating surface is also broader and ascends 
higher on the front of the bone. On its outer surface is a pit 
for the tendon of the popliteus muscle, immediately above 
which is a projection named the external tuberosity. 

The internal condyle is longer, and descends lower down 
than the external one. On its inijer side is a projection called 
the internal tuberosity. 

The articular surfaces of the femur meet in front, and form 
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one for the knee-pan. Posteriorly they diverge, leaving 
between them a space called the inter-condyloid fossa. The 
femur docs not articulate with the fibula. 

•The knee-pan, or patella, is a small bone somewhat tri- 
angular, yet rounded in outline, con- 
vex in front and with tw'O articular 'hi> 

surfaces (to fit to the condyles of the ^ 

femur) behind. 

It is attached above by its broad 'w 

upper margin to the tendon of the O 

front muscle of the thigh. Below, a | M / 

ligament goes from its pointed lower I ■ | 

end to the upper part of the shin-bone. I If 

4. The TIBIA, or shin-bone, is, like I II 

the femur, an elongated bone, more 1 1 

so than any other in the human body I*! ® 

except the femur. It transmits the jl| 

whole weight of the body to the foot. If 

Its upper end is very wide, and If 

presents two concave articular sur- If 

faces {condyles) — which receive the ilf 

two condyles of the femur— and be- 1 1 1 

tween them an eminence (the spine), [ 1 1 

behind which is a pit giving insertion m % 

to one end of one of the cructal j \i \ 
li^awenfs which connect the femur 
with the tibia. These ligaments pass, 
one from the pit just mentioned to / 

the outer side of the inner condyle of 
the femur, w^hile the other goes from 
the front of the spine of the tibia to rk!ht Tii 

the inner side of the outer condyle of o^ Man. 

the femur. Two inter- articular carti- f, I rest of the tibia . ein^ ex- 
lages, called semilunar^ are also malleolus'* e ut, ex- 

interposed between the cartilaginous Miead*^Xe7bt(ia 
articular surfaces of the femur and ntemai malleolus /w, in- 

thosp nf fihi^ tuberosity ; s, spine 

in^e 01 tne tipia. tubercle. 

Two other ligaments may be noted. 

One, the mternal lateral ligament^ 

goes from the internal tuberosity of the femur to the inner 
surface of the tibia ; and the othei , the external lateral 
li^ment^ goes from the outer tuberosity of the femur to the 

The shaft of the tibia is triangular in section, being pro- 
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duced into a sharp crest in front, on the internal side of 
which crest the bone is convex, and concave on its outer side. 
At the upper end of the front of the shaft is a prominence 
called the tuberosity, or tubercle. 

The lower end of the bone is much smaller than the 
upper. Its lower border has a single groove behind for the 
tendons of the tibialis posticus and flexor longus digitorum 
muscles. Its outer surface is concave for the reception of the 
fibula. Its inner margin is produced downwards into a strongly 
marked triangular process, called the internal malleolus. 
This forms the bony projection on the inside of the ankle, 
and articulates with the inner side of the tarsus. Another 
articular surface, concave and quadrilateral, is situated on 
the under-surface of the lower end of the tibia, and articulates 
with the summit of the tarsus. The hinder margin of this 
articular surface descends b.low its anterior border. 

5. The FIBULA is the slenderest bone, in proportion to its 
length, in the body, and extends on the outer side of the leg 
from near the knee down to the ankle. 

Its upper extremity is slightly enlarged into what is called 
the head, which articulates with the outer side of the head of 
the tibia, and gives insertion to the external lateral ligament. 
It does not mount upwards so high as docs the tibia. 

• The shaft of the bone is irregularly triangular in section. 
Its lower end is expanded into what is called the external 
malleolus^ which forms the bony projection on the outer side 
of the ankle and articulates with the outer side of the tarsus. 

This malleolus projects downwards considerably further 
than does the internal malleolus. On its inner side it articu- 
lates with the tibia. 

Thus we have in man a horizontal articular surface for the 
tarsus, formed by the lower end of the tibia, and two other 
articular surfaces, at right angles with it, formed by the sur- 
faces of the malleoU. 

6. The TARSUS consists of seven bones (none of which 
can be called long bones”), namely, the astragalus, calca- 
nciim, cuboides, naviciilare, and three cuneiform bones. All 
these are so firmly connected by ligamentous fibres which en- 
velop them, that ve-y little mobility is possible, though there 
may be a slight rotation of the distal tarsal bones upon the 
proximal ones, that is, upon the astragalus and calcaneum. 

The movement of the foot on the leg, however, takes place 
entirely by the hinge-like joint by which the tarsus articu- 
lates with the bones of the leg. 
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The astragalus * receives the weight of the trunk from the 
tibia, and is a short irregularly shaped bone, with a “ body, 
neck, and head.” 

• In its natural position, when the foot is on the ground, the 
upper surface of the body of the astragalus is nearly hori- 
zontal for articulation with the under surface of the shaft of 
the tibia. Two other articular surfaces, almost at right angles 
with the former, join the two malleoli respectively. The pos- 



Kit;. i57.~Dorsum, or Upi-er Si-rfack, ok Skeleton of Right Foot. 
rt, astr.xf;ahis ; c* cnto-cuneiforme , me'>o-cuneiforme ; ccto-cunei^ormc , 
crt. c.ilcaneurn , co^ cuboidcs , //, disial phalanx of hallux ; m metatarsal of 
hallux; metatarsaK of the four outer toes ; «, naviculare. 


terior surface of the body is grooved for the tendon of the 
flexor longus pollicis muscle. The anterior part of the bone 
IS prolonged forwards as its neck, ending in a rounded, con- 
vex, articular surface (the head), which fits into the hinder 
surfiice of the naviculare. 

* ’AiTTpd^aXof, a die. 


x86 


ELEMENTARY ANATOMY 


[less. 


The calcaneum (or os calcis) is the bone of the heel, and 
forms the posterior part of the arch of the foot, of which 
the astragalus forms the keystone. The os calcis projects 
much downwards posteriorly, but not inwards, and is thifck 
and rounded at its hinder end (called its tuberosity), into which 
is inserted the tendo Achillis of the muscles of the calf. The 
calcaneum articulates with the astragalus above and with the 
cuboides in front. 

The naviculare (or scaphoid of the foot) is much wider 
than long. Behind, its surface is concave for the reception of 
the head of the astragalus. In front it presents three sui faces 
for articulation with the three cuneiform bones. Only the 
innermost of these surfaces is convex, and that but very 
slightly. 

Its inner margin sends down an obtuse process, called its 
tuberosity. 

Of the three cuneiform bones, the innermost, the ento- 
cunei/onfte^' is the largest. Narrow above and broad below, 
it presents an elongated articular surface, which is nearly flat, 
for the metatarsal of the great toe. The meso-cuneiforme ^ 
is the smallest bone of the tarsus. It does not reach so far 
forwards as do its neighbours. It agrees with the ecio- 
cuneiforme"^ in presenting a nearly flat articular surface for the 
metatarsal which joins it. 

The cuboideSy placed on the outer side of the tarsus, articu- 
lates with the os calcis behind, and with both the fourth and 
fifth metatarsals in front. Its infertor surface is traversed by 
a deep groove (for the tendon of the peroncus longus muscle), 
l^ehind which is a prominence for the attachment of a liga- 
ment. 

7. The METATARSUS consists of five elongated bones, of 
which the first or innermost is much the thickest and the 
shortest^ The metatarsals have long shafts, which, except that 
of the first, are slender, and have enlarged bases and rounded 
heads. 

The bases, or tarsal ends, of the four outer metatarsals 
have quadrangular articular surfaces, which are almost flat, 
and are as if bevelled off, so that the axis of each such 
metatarsal is not perpendicular to its proximal articular 
surface. Thus these metatarsals come to be directed more 
inwardly than would otherwise be the case. 

The rounded heads of the metatarsals articulate with the 
hinder concavities of the proximal phalanges. 

‘ ’Ei/TOf, inward « From /ufiroc, middle. 3 without. 
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The first metatarsal has its proximal, concave, articular 
surface at right angles with the axis of its shaft. 

The second metatarsal is the longest. 

• The fifth metatarsal has its base greatly enlarged, with a 
considerable prominence, or “tuberosity,” projecting from 
the outer side of its hinder end. 

8. The PHALANGES are three in number in each digit, 
except the first, or great toe (hallux), which has but two. 
These two, however, are much larger than those of the other 
toes. 

Often the second and third phalanges of the fifth digit (or 
little toe) become anchylosed together. 

The second phalanges are much shorter than the first, and 
the third phalanges are slightly shorter than the second. 

Each last phalanx has its end modified to support a nail, 
much as we saw in the last phalanges of the hand. 

The toes being so much shorter than the fingers, the 
phalanges are of course also much shorter. 

9. Comparing now the relations presented by OTHER 
ANIMALS, we find that man follows a rule which is universal 
in having the leg-bones attached to and suspended from a 
pelvis (well developed or rudimentary), which may be looked 
upon as the root-portion of the limb. This root part may, 
however, be present while the distal part (leg and foot) is 
more or less atrophied, but the distal parts are never present 
without a rudiment of the limb-root. 

The bones of the inferior extremity of man are of full 



Fig. 158.- RuniMENTARv Pei vie Fig. 159.— Skeleton of Ritdi- 

EvrRKMiTY OF Ophiodes. men taky Pelvic Limb of Lialis. 

i^A/ter FUrhnnger.') {After Fiirbringer ) 

y, fibula ; tibia. ^ f femur ; iKum ; /f, pubo-ischium ; 

/, tibia. 

average development, for though in a few animals these bones 
may be a little more numerous, in a far greater number of in- 
stances the difference from man consists in more or less defect 
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down to complete abortion. A pelvic pair of limbs may be 
developed without any thoracic ones, as in Bipes^ Lialis^ and 
Ophiodes, and rudiments of the pelvic limbs may be the only 
ones present, as in Python. 

lo. The INNOMINATE BONE of man is one of the most 
distinctive of his skeleton, distinguishable at a glance from 
that of every other animal, widely differing even from that 
of the Gorilla, which, however, much exceeds it in absolute 
size. 

This large complex ossification, consisting as it does in man 
of three primitive elements, presents three distinct bones in 
lower animals — the ilium, ischium, and pubis — which, as in 
man, meet to form the acetabulum. 

The fusion of these elements into this one bone is a 
character which man shares not only with his own class, but 
also with Birds. In Reptiles, however, we find three per- 
manently distinct bones, whether or not they exactly corre- 
spond with the three elements of the pelvis of man. 

The fusion of the two ossa innominata in a dorsal sym- 
physis is a condition which sometimes occurs -as in the 
Ostrich. In that his ossa innomi- 
nata are solidly attached to the 
vertebral column, man agrees with 
all Vertebrates above Fishes, with 
the exception of Cetaceans and 
some Lizards. In Fishes, however, 
such a union is invariably absent, 
and the ossa innominata are repre- 
sented in them by ventral hard 
parts only. 

The junction of the two ossa in- 
nominata at a ventral symphysis is 
a less constant character. Not only 
is this junction entirely absent in 
the class of Birds, with two excep- 
tions (the Ostrich and the Rhea), 
but in many Mammals {e,^. many 
Bats, and Insectivora). 

The ventral union of the ossa 
innominata with a simultaneous de- 
tachment from the vertebral column exists in Fishes, but 
in no other VertebVates, unless in some Reptiles with a rudi- 
mentary pelvic stfucture. 

A detachment both from the vertebral column dorsally and 



Fig —Pelvis of the smnll 
Tanrer (// e m teen tetfs), 
showmt; the verv elongated 
ilia anJ the widely open 
pubic symphysis. 
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from its fellow of the opposite side ventrally, is a condition 
which may occur, as in the very imperfectly developed os 
innominatum of Cetaceans and Sirenia, and certain Reptiles, 
the Boa Constrictor. 

In that the os innominatum joins the backbone by one 
attachment only (namely, that of the ilium), man agrees with 
the great majority of Vertebrates. But even in some of his 
own class (as in the Armadillos, some other Edentates, and 
some Bats) a second, ischiatic, bony attachment may be 
formed, answering to what would result from an ossification 
of the great sacro-sciatic ligament in us. 

As has been said, the form of man^s os innominatum is 
absolutely peculiar. Still he shares the normal characters 
of his class and of Vertebrates generally, in that the inferior 
bony elements on each side arc rather short and mainly 


c 



fiG i6i.-Rk,hi SiDr- or I’eims ok \ Biro 

a, acctahulutTi , c, caud.al >(,rlcbr.x , thicc <iu>sal vcrleljiae : il, ilium: 

w, great fo.amen caused by the post-axial union of the ilium and ischium; 
u, ischium ; o, very elongated obturator lorainen ; pubis. 


directed ventrally. These elements may, however, be very 
much elongated and mainly directed post-axially (/>. back- 
wards, if the body is placed horizontally), as in Birds. The 
ventral elements may be single, as in Batrachians, and if 
double, as in man, they may apparently consist of parts which 
do not correspond with the two elements existing in him and 
other Mammals ; such a diversity of structure seems to exist 
in Reptiles. 

In so far as the ilium of man is a broad flat bone, it differs 
from that of Mammals generally, «and only agrees with certain 
exceptional forms, s^ch as the Elephant, Sloth, and Gorilla, 

The extent of the ilium in the line of the backbone may be 
very much greater than in man, as is the case in Birds, where 
it is prolonged both pre- and post-axially to a very considerable 
extent, thus connecting in one whole ma^y vertebra;. It is 
probably the pre-axial part of the bird's ilium which corre* 
spends with that of man and of Mammals, while its post- 
axial part seems to correspond with the ilium of Reptiles. 
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The ilium may be a three-sided columnar bone, as in the 
Kangaroo and many Rodents. The posterior part of the 
ilium may becomcf anchylosed with the ischium, as is the case 
in Birds. 

Wherever there is an acetabulum it is in part formed by 
the ilium. 



Fig 162 — Side View of Boves op Posterior Extremity of Greenland 
Right Whale {Bal^na mysticetus)> 

i, ischium ’.y, femur; /, accessory ossicle, probably representing the tibia. 

{From Eschrtcht and Reinhardt.) 

The ilium may be altogether absent while the ischium is 
present, as probably in the Cetacea. It is never present 
without any other pelvic element, except in the Amphisbenian 
group of Reptiles. 

The prominence of the inferior anterior spinous process 
in man is exceptional, yet it is exceeded in proportion in 
some of the Lerauroidea. 

In Marsupial Mammals and Monotremes we find two 
distinct bones articulated, one on each side of the pre-axial 
margin ^f the pubes. They are called ^'‘Marsupial bones 
and are further noticed below, §11. 

The ilio-pectineal eminence is rudimentary in man com- 
pared with that existing in some other animals even of his 
own class. Thus in certain Bats it is a very elongated spine 
projecting upwards from the brim of the pelvis, and it is a 
Very prominent process in the Kangaroo, and sometimes in 
Marsupials arises from an independent ossific centre. In 
Reptiles we find a pair of separate bones, usually called 
the pubes, and meeting generally in a ventral symphysis. 
They do not, however, so meet in all Reptiles, e.g. the 
Crocodiles and the Snake Sfenostoma. These so-called 
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pubes are at their maximum of relative size in the Tortoise, 
where each develops a large process ending freely, like the ilio- 
pectineal eminences or marsupial bones of Mammals. 

in Tailed- Batrachians the ilia are represented by rib-like 
bones which articulate each with one or at most with two 



Fig 163 —Right Side of Pelvis of Fkog 

//, ilium ; is, ischium ; p, pubis. The three bones meet at the upper margin of 
the acetabulum. 

vertebras. In the Frogs and Toads the ilia are very peculiar, 
being extremely elongated, and meeting together posteriorly 
above the acetabula in an iliac symphysis. In spite of the 
superficial resemblance between the limbs of man and the 
Frog, the pelvic structures are thus singularly different. 



Fig 164 —The two Ossa Innominata of the Angler-fish {Lophius), showing the 
.iscending’ processes which simulate ilia Ihe fin-rays are attached to the 
outer- ventral margin of each os innominatum. « 

It is not probable that any solid representative of the ilium 
exists in Fishes, but in the Angler {Lophius) the os innomi- 
natum sends up a process simulating somewhat the ilium, as 
does the irinominate cartilage in the Chimaera. 

The ilium of an animal may closely resemble its scapula 
in shape, as in the Tortoise and Chameleon. 

The so-called pubis of Reptiles may answer to tlie ilio- 
pectineal eminences, or possibly to the marsupial bones,' of 
Mammals. A small bone attached to the front of the pubis 

1 For these bones see below, p. 194. 
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of the Ostrich may possibly represent the mammalian mar* 
supial bone. 

In that man^s pubis is a plainly distinct pelvic element, 
man agrees with all of his class except those which have 
an imperfectly developed innominate bone. 

In all Reptiles this bone appears (if the view above stated 
as to the ilio-pectineal eminence is correct) to be fused 
with the ischium. If this be so, then the obturator foramen 
has no existence in Reptilia except transitorily (as in the 
young Lizard) ; while that foramen which resembles and 
has been described as the obturator foramen in Reptiles 
really corresponds with the space between the brim of 
the pelvis and a line drawn from the marsupial bone, or 
else from the ilio-pectineal eminence, to the pubic symphysis. 
This false obturator foramen may be called the cordiform 
foramen. 

As has been already said, in some Insectivora and Bats 
the pubis does not meet its fellow of the opposite side in a 
ventral symphysis. In the Mole the pubis has so little 
extent that the pelvic viscera pass outside and in front of 
the pelvis. 

The pubes in Birds arc very long, and bent post-axially. 
They never meet in a ventral symphysis except in the Ostrich. 

As the ischium in Mammals is the more constant and 
larger of the two ventral pelvic bones, it may be considered 
rather itself to have absorbed than to have been absorbed by 
the pubis, in those lower forms in which these two elements 
do not seem to be differentiated. 

The ischium of man is small compared with that of 
Mammals generally ; its proportional development is closely 
approached, however, in the slender Loris. 

The prominent development of the spine of the ischium 
is absolutely peculiar to man. 

The fuberosity of the ischium in the human species is very 
small and inconspicuous compared with its condition in 
most Mammals. Even in the very highest Apes it is much 
larger than in man, and in the Gibbons and other monkeys 
of the old world it is not only very large, but everted and 
flattened with a rough surface for the attachment of a 
thickened skin, or callosity. It is largely everted in Dogs and 
Ungulates. In all the Edentates, except the Cape Ant-eater, 
the ischium anchyloses with the vertebral column, and the 
same union occurs in some Bats. 

In the Cetacea the pelvis is represented by what is pro- 
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bably a pair of ischia. These are long and slender bones 
detached from each other as well as from the vertebral 
column. 

This ischium may be elongated, produced backwards {i.e. 
post-axially) and downwards, and separated from its fellow in 
the middle line ventrally, as in all Birds except the Rhea, 
in which latter these bones bend upwards and meet at their 
distal ends. 

The ischium of Birds generally anchyloses more or less 
with the posterior part of the very elongated ilium. 

In Reptiles the ischio-pubic bone generally meets its fellow 
in a ventral symphysis. It may do so when the other ventral 
elements do not so meet. Such is the case, e.g., in the Snake 
Stenostoma. On the contrary, it may fail so to meet its 
fellow, although the other ventral elements effect a junction. 
We find this condition, e.g.^ in the Lizard Seps. Often, as 
eg. in the Boa, the bone may be represented by a mere 
cartilaginous rudiment. 



Flo. 165 —Skeleton of Rudimentary Pelvic Limb of Boa Constrictor. 
{After Furbringer.) 

rudimentary femur, at the end of which is (/) a minute, triangular, and hook-likc 
tibia, *, so-called pubis— possibly an enormous ilio-pectincal eminence; /, 
rudimentary ilium ; i.schium or pubo-ischium 


A tuberosity of the ischium generally exists in Lizards ; this 
does not, however, anchylose with the vertebral column, but 
is connected by a strong ligament with the hinder end of the 
ilium, which ligament answers to the great sacro-sciatic liga- 
ment of man. 

In Tailed-Batrachians the ischio-pubic bone or cartilage is 
a large lamelliform expansion with an elongated symphysis. 
It may form one single cartilaginous undivided plate, as in 
Proteus. In Frogs and Toads the ischia are small, lamelli- 
form, and so closely applied and anchylosed together as to 
be, as it were, all symphysis. 

In Fishes the ossa innominata have already been noticed, 
and they consist probably of ischio-pubic bones or cartilages 
only. We here, however, often meet with an anomaly of 
connexion not found in any higher class. Thus we find the 
innominate bones in many cases directly connected with the 

o 
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pectoral girdle. In some Fishes, as e.g, the Angler {Lophius)^ 
the ossa innomlnata are articulated directly with the hinder 
border of the clavicles, while m other Fishes they very often 
are but little removed from them. Fishes in which "the 
hinder limbs are placed far forwards are called thoracic 
(as the Perch), and when still more so, jugular (as the 
Cod). 

Rarely, as eg, in the Opah Fish (Lampris)y the os innomi- 
natum joins the coracoid, which in this species is enormously 
enlarged. 



Fig. i66. -Pclvis of Echidna. 

>/, ilium ; m, marsupial bone , pubis . s, sacrum. 

II. Certain bones called marsupial bones, of which no 
ossified representatives exist in man, may be attached to the 
pelvis. Thus, in him the internal tendon of .each external 
oblique muscle is neither ossified nor chondnfied. In all Mar- 
supials, however (except the Thylacine, or Tasmanian Wolf), 
and in the Monotremes, these tendons are largely ossified, 
the ossifications being movably articulated with the brim of 
the pelvis. Such ossifications constitute the marsupial bones. 
In the Tasmanian Wolf these parts are represented by carti- 
lages, but no such structures have been detected in other 
Mammals, except that there is a slight chondrification of 
the same part in the Dog. In the Chameleon the brim of 
the pelvis supports small bony nodules, and in the Ostrich a 
small bone is attached to the front of the pubis. Possibly 
(as before said) the so-called pubic bones of Reptiles may 
be marsupial bones, if they do not rather correspond to 
ilio-pectineal eminences. 

* Another possible ossification which has no representative 



V.] 


SKELETON OF LOWER LIMB, 


in man is the os cloaca. It is an azygos median structure 
which extends backwards behind the ischio-pubic symphysis, 
as *e.g. in the Lizard Psammosaurus, 

Similarly a median azygos structure (pointed or forked) 
may be developed from the front of the ischio-pubic sym- 
physis, as in Menobranchus and Salamandra. 

The acetabulum oi man is very well developed as compared 
with that of other animals. In its formation by the three 
pelvic bones it follows the universal mammalian rule. In that 
Its cup is 'Completely ossified it also 
resembles all Mammals except the 
lowest {l.e, the Monotremes), which m 

agree with Birds in having the ace- 
tabula perforated. 

In Reptiles generally three separate 
ossifications also concur to form the 
acetabulum. In Crocodiles, however, 
the so-called pubis does not concur 
in its formation. 

1 2. The supremacy in size of man’s wm&A 
FEMUR over the other parts of his 
skeleton is not shared by the femur of 
most other Vertebrates, and this im- 
portant bone seems raicly, if ever, to 
have any representative whatever m 
the skeleton of Fishes. Nevertheless 
a single cartilage (as in Ceratodus) 
which articulates with the limb root 
may be the representative either of 
the thigh or leg bones. 

Confining ourselves therefore, for Fk. u.7 -( aktii amnous 
purposes of comparison, to Mammals skei kion oi< a Eiaim <». 
Sauropsida, and Batrachians, we find tbeo'^ 
the femur under a certain aspect more ^hc la.gc upper p.ec. .rt.cu 
constantly present than the humeius. lates wuh the limb root 
For although it is often absent when 

the humerus is present (as in forms like Siren ^ which have 
pectoral limbs but no pelvic ones), yet it is sometimes present 
in a more or less rudimentary condition when no representa- 
tive of the foot coexists with it. 

Such is the case, e.g,, in some Whales (as the Greenland 
Whale) amongst Mammals, and certain Snakes, e.g. Boa^ and 
certain Lizards, e.g. Lialis^ amongst the Reptiles. In absolute 
length the femur of man exceeds that of almost all other 



ELEMENTAR Y ANA TOM K 


animals, only the largest beasts forming an exception in this 
respect 

As the longest bone of the Icjg (/>. in the proportion in which 
it exceeds the length of the tibia) the femur of man is dis- 
tinguished from that of all Birds, and from that of almost all 
other Mammals except of those Cetaceans which have a rudi- 
mentary femur and a still more rudimentary tibia. Yet oc- 
casionally (as e.g. in the Great Ant-eater 
and certain Apes) the femur notably 
X J exceeds the tibia in length. 

In many Reptiles and Tailed-Batra- 
\ chians, however, the femur exceeds the 

/j V ^ tibia as much as or more than in man, 
and that not only in forms like Boa^ 
J** where both bones are, though in differ- 
f.g. ,68.-Sk-eu.ton oe ent degrees, radimentary, but also where 
Rudimentarv Pelvic both are fairly developed. 


Limb of Ltaiis. For all that the several parts of the 

(After Ftirbring^er,) femur may exhibit different degrees of 

/. femur ; i7, ilium ; development in different animals, yet on 
pubo-ischmm ; t, tibia, whole it is a substantially constant 

bone as to its form and structure ; more 
so even than is the case with the humerus, as the femur 
never attains the great relative length which the humerus 
attains in the Bats, nor is it ever reduced to the shortness 
and thickness which that part presents in the Mole. 

In the proportion which it bears to the hind limb as a 
whole, the femur of man is exceptionally developed, though 
not quite so much so as in many Reptiles and Tailed-Batra- 
chians. Its proportion, however, may become almost insig- 
nificant, even in Mammals, as in the Seals. It is in these 
aquatic Carnivora, and in the extinct Ichthyosaurus, that the 
femur i% relatively at its shortest 
It is a short bone (when compared with the leg and foot) 
in the Ruminants and Horse family. 

The curvature which the shaft presents in man may be 
exaggerated, as in Tortoises, while the bone may almost 
become straight, as in the Lemurs, Carnivora, Bats, 8cc. 

The development of its neck is a character which the 
femur of man by no means shares with that of all Vertebrates ; 
on the contrary, the neck of the bone is most exceptionally 
developed in him. In the majority of cases (as eg, in Birds) 
there can hardly be said to be any neck, and in many forms, 
eg, the Rhinoceros, there is none whatever. 
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The head of the femur is almost always rounded ; rarely 
(as e,g, in the Crocodile) it is transversely extended, some- 
what like that of the humerus in- Birds. 

The greater (peroneal) and lesser (tibial) trochanters are 
very constant structures, one or both appearing in a more or 
less developed condition down to the lowest Batrachians. 

The great trochanter may be more prominent than in man. 
This is the case, in Ungulates. It may, on the contrary, 
be comparatively insignificant, as in the Great Ant-eater and 
Elephant ; or absent, as in the Lizard Grammatophora, 

The lesser trochanter may be about as salient as the 
greater one, as in the Ornithorhynchus ; or much more so, as 
in Uroinastix^ Leiocephalus^ and Cyclodus j it may be all 
but absent, as in the Elephant, or quite so, as in Birds. 

The two trochanters may be equally developed, one on each 
side of a very short neck, as in Bats. 

The two trochanters may be fused into one, as in Testudo, 

In addition to the two trochanters, the slight ridge which 
serves in man for the insertion of the glutens maximus 
muscle may be ‘drawn out into a great prominence termed 
a “third trochanter.” This is the case, e.g,^ in the Horse, 
Rhinoceros, Hare, and Armadillos, 

This third trochanter may be represented by a prominent 
ridge running along the whole outer side of the shaft, as in 
the Great Ant-eater. 

The head of the femur, instead of being directed inwards, 
may project forwards over the exterior surface of the bone, 
as in Testtido and the Bats. 

The pit for the ligamentum teres, though present in Birds, 
may be quite absent in members of man’s own class, e.g, in 
Seals, Elephants, Sloths, and others. This depression, appa- 
rently so important, may be present or absent in different 
individuals of the same species, as in the Orang-Outan and 
Gorilla. 

The lower end of the femur may be more, or less, expanded 
relatively than in man, and this both transversely and antero- 
posteriorly. 

'I'hus the latter dimension is greatly in excess in the Rumi- 
nants ; the transverse dimension in the Seals and Omitho- 
rhynchus. 

Instead of the inner condyle descending the more, it may 
be the outer one that does so, as is the case in Birds. 

The depression in front between the condyles — “ roiular 
surface” — (serving in man to lodge the patella) may be 
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wanting, as in Testudo, or all but wanting, as in the Wombat. 
It may be very narrow, as in Pteropus, It may be much 
marked, as in the Ruminants. 

The pit for the origin of the popliteus muscle may be 
much deeper, and coexist with a similar pit in the external 
condyle (for the origin of the flexor longiis digitorum muscle), 
which condition, together with the narrowness of the rotular 
surface, may give the lower end of the femur a peculiar aspect, 
as in Pteropus, 

The external condyle may present a marked groove sub- 
dividing it. This is the case m Birds, w'here this groove 
serves to receive the head of the fibula. 

Instead of' the concavity which exists in man at the pos- 
tcro-inferior part of the shaft (increased through the back- 
ward projecting of the condyles), this part may be nearly flat, 
as in Birds. 

Neither tuberosity is ever perforated like the internal con- 
dyle of the humerus in some Mammals. 

The femur may be only a rudiment even in some Mammals, 



Fir, 16.; -SkELLTON OF RUDIMKNTAnV PeLMC LiMB OK BOA CONSTRICTOR. 
{A/ter Ftlrbringcr) 

/, rudimentary femur, at the end of which is(/)a minute, trianj^ular, and hook like 
tibia ; t, so called pubis — possibly an enormous liio-pectineal eminence , 
rudimentary ilium , />, ischium, or pubo-ischmm. 


as e.g. some fin Whales ; and the same may be the case in 
some Reptiles, as c.g. Ltalis Burtonti\ Boa,, and Stenostoma, 
The PATELLA may be wanting altogether in man^s own 
class, as m the Wombat. It may be very small, as in the Bats 
and Sefils. It may be very narrow in proportion to its length, 
as in the Agouti ; or extraordinarily large and elongated, as 
in the Grebe ; or represented by two super-imposed ossifica- 
tions, as in the Ostrich. Every trace of it may be wanting, 
as in the Frogs and Tortoises. It may be irregular in shape, 
as in the Bustard and Ostrich. 

13. That important bone of man, the TIBIA, attains a yet 
greater relative size in very many Vertebrates than it docs in 
him. Like the femur, however, it is not universally present 
in every class, as it has no distinct representative in Fishes. 
As compared with its fellow leg- bone (the fibula), the tibia 
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shows a predominance of size, like that of the radius in the 
arm over the ulna, and this to a yet greater degree. Thus 
while, like the radius, it never aborts though its fellow may 
do so, it never in existing animals even becomes the subordi- 
nate bone of the two, as is the case in the radius compared 
with the ulna in Birds. Yet m length it may be exceeded by 
the fibula, zse.g. in the Ornithorhynchus ; and a certain slight 
subordination appears to have existed in the extinct Reptiles 
Ichthyosaurus and Plesiosaurus. Moreover, the two bones 
are developed equally in certain existing Reptiles with rudi- 
mentary limbs, e.g. Seps and Ophiodes, and in Batrachians 
also. 

In its elongated figure the tibia of man agrees with the 
same bone as generally developed, and it never becomes in 
any existing species so relatively short and thick above as 
does the radius in Cetacea. Such is the case only in the 
extinct Plesiosaurus and Ichthyosaurus. 

The relation which it bears to the femur is less constant 
than that which the radius bears to the humerus. We have 
seen that where in Vertebrates above Fishes the humerus is 



Fig 170. — Side View of Bone-, of Posteriok Extrf.mity of Oieenland 
Kk.ht Whale ivystiutm, 

i, ischium , /, femur . accessory ossicle, probably representing the tibia. 
{Front Eschruht and Reinhardt,) 


represented by a bone or cartilage, the radius is also developed. 
But in Megaptera longimana and Balcenoptera musculus we 
have a rudimentary representative of the femur, but none 
whatever of the tibia ; while in Balaena mysticetus and in Boa 
constrictor there is a tolerably large ossicle representing the 
femur, but only a minute rudiment representing the tibia. 
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Instead of being free as in man, the tibia may anchylosc at 
each end with the corresponding extremities of the fibula, 
as is the case in the Armadillos and often in the Seals. 

Very often it anchyloses with the hbula below only, as .in 
the Rabbit and in some Birds, e,g. Adjutant and Ostrich (and 
as in one member of man's own order, Tarsius) ; or above 
only, as, at least sometimes, in the Cape Ant-eater. 

There may be an apparently single representative of the 
two bones of the leg which are completely fused together, ar 
in the Frog. 



Fig. 171.— Right Phlvic Limb of Girappb. 

/r, astragaltl^ ; calcaneum ; cu, cuboides ; d \ proximal phalanx of third digit ; 
d*f proximal phalanx of fourth digit femur \/\ rudiments of 6bula (the 
line 15 not continued far enough— the rudimentary fibula is a small ossicle 
reposing on the upper surface of the calcaneum, as shown in the figure;: 
metatarsals of digits 3 and 4 united into one ** cannon-bone ; 
patella ; i, tibia. 

The tibia may be the only long bone of the leg, through 
the small development of the fibula, as is the case in Rumi- 
nants and in the Horse tribe. 

The space which exists in man between the tibia and the 
fibula may be exceedingly reduced, as is the case, e.g, in Birds 
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and in some Mammals, e.g. the Cats. It may, however, be 
very wide, as in the Sloths and Wombat and Cape Ant- 
eater. 


. This bone in man is peculiarly shaped in relation to his 
erect posture. 

Thus, comparing man’s tibia with the same bone in other 
members of his own order (Primates), we find that it is longer 
as compared with the spine than in any other genus except 
Hylobates and Tarsius^ and longer as compared with the 
radius than in any except Hapale and Tarsius. 

On the contrary, its length as compared with the femur 
is less than in any other Primate. 

The tubercle of the tibia is probably at its maximum of 
distinctness in man as compared with the rest of his class, 
and the articular surfaces for the 


condyles of the femur occupy a 
maximum proportion of the upper 
surface of the tibia. 

The sharpness of its crest in man 
exceeds that of any other Primate, 
and the descent of the posterior 
border of the articular surface for the 
astragalus below the anterior margin 
of that surface is peculiar to him. 

The tibia may be very much 
curved, c.g. in the Ornithorhynchus, 
yet it may be straight and exces- 
sively long, as in many Birds. 

The crest may project very promi- 
nently and sharply at the upper end 
of the bone, as e.g. in Ruminants, the 
Kangaroo, and Hare. 

The tubercle of the tibia may be 
enormously produced upwards into a 
long pointed process, as in certain 
Birds, e.g. the Grebe and Divers. 

In some forms nearly allied to man, 
as the Orang, the articular surface of 
the malleolus forms an obtuse angle 
with the inferior surface of the tibia. 



Fig. 172.— LeG'Bonrs of 
THE Diver {Colymfms). 

fibula ; /. femur , tibia, 
with py Its enormously pio- 
duced tubercle. 


The tibialis posticus groove may be much deeper than in 
man, the portion of bone separating it from that for the flexor 
longus pollicis pedis having thus the appearance of a promi- 
nent process. Such is the case in Nycticebus. 
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Distinct malleoli may be wanting, and are so in Vertebrates 
below Mammals. The lower end of the tibia of all adult 
Birds is very different from that of the other classes. This, 
however, is due to its being made up of the proximal paft 
of the tarsal element, on which account it cannot here be 
compared with the lower end of the tibia of man and 
Mammals. Nevertheless, exceptional forms (like the Ostrich) 
show us that the true tibia of Birds is destitute of malleoli. 

The tibia never assumes il at crossed position in relation 
to the fibula which the radius assumes in relation to the ulna, 
and which is termed pronation. Nevertheless, a modified 
action may take place in certain Marsupials, viz. the Phalan- 
gers and Wombat. 

Crucial ligaments and inter-articular cartilages may be 
wanting, as in Tailed-Batrachians, though present in Birds 
and Saurians. 

14. From what has been already said it is clear that the 
FIBULA of man can only be illustrated by bones of Mammals, 
Sauropsidans, and Batrachians. 

The fibula of man in its subordination to the tibia, occu- 
pies a medium position, as has been noticed in describing 
that bone. 

It may be relatively more reduced in size than in man, as 
is the case in Birds and in Ruminants ; or it may be com- 
pletely absent when the tibia is rudimentarily represented, 
as is the case in Fialcrna mysticetus and Boa constrictor. 

The conditions as to its anchylosis "with the tibia have 
already been mentioned. 

In its reduced state the fibula may be quite styliform, as in 
Birds ; or it may be developed inferiorly, but atrophied at its 
upper end, as in Bats. 

It may be represented only by a small ossification in the 
place of the external malleolus, as in the Ox, and with this 
there mhy exist (though widely separated from it) a little 
styliform rudiment of the upper end of the fibula, as in the 
Elk. 

The fibula may be much bowed outwards, as in the Cha- 
meleon and the Bat Molossu^^ but it is generally nearly 
straight, or quite so, as in Birds. 

The upper end of the bone may join the femur, as in 
Marsupials and Birds, and this end may be produced 
into a large process like the olecranon of the ulna (as in 
Cook’s Phalanger), to which even a sesamoid bone may be 
annexed. 
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This process may attain a very great size, as e,g. in the 
Ornithorhynchus and Echidna. 

In man alone does the external malleolus descend greatly 
below the internal malleolus. The lower end of the fibula 
may be very much enlarged, as in the Hippopotamus. Its 
lower end may develop a conical process, which, turning in- 
wards, may fit into a depression 
on the outer side of the articular 
surface of the astragalus, as in \ 

the Sloth. \ i J 

15. Inasmuch as the FOOT of \ ^ 

man is made up of the tarsus, v 

metatarsus, and phalanges, it 1 1 

agrees with the same part in f J \ 

Mammals and Batrachians. H|^ j 

In Birds, however^ the proxi- 
mal part of the tarsus is an- 
chylosed with, and in Reptiles \\l ^ 

more or less firmly united with, yl j I 

the tibia, so that the visible foot A\ j J 

of Birds corresponds but with \ / 

the greater portion and not the 1/ I 

whole of the foot of man. V i 

The foot, in one aspect, is less I I 

constant than the hand, as cle- 1 

inents of the leg (as in Balccna | 

and Boa) may be present while i 

there is no rudiment whatever 
of the foot. QjP 

16. In that the TARSUS of man — Antfrior asrhct of 

contains certain small and dis- Rosts of. Kk.ki I eo ()i< 
tinct bones, it agrees with the 

same part in all Vertebrates ■ 

above Fishes, except Birds (in (F,-om Fhlwrr'O.t.ohsy-) 
which the tarsus coalesces with 

other portions of the skeleton), and except tilso certain 
Tailed-Batrachians, in which the constituent parts of the 
tarsus remain more or less permanently cartilaginous. 

The number of ossicles, or cartilages, may be as many as 
nine, as in the Salamander ; or may be reduced to three, as in 
Proteus, Bufo bijurcatus^ and Lacerta a gilts j or perhaps to 
two, in Ophiodes striatiis. 

We have seen that part of the carpus of man may be 
represented by more elongated bones, as in the Crocodile, 
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This variation may, however, be carried out to a much greater 
degree, and in two different ways, as regards the tarsus. 


Fig. 174 — Rudimentary Pelvic Extremity of O^hiodes, 
ft fibula ; tibia. {After Fttrbrin^er.) 


For, first, the os calcis and naviculare may be so extra- 
ordinarily produced as to become cornpletely long bones — 
adding a segment to the limb — as in TarsiuSy and, in a less 
degree, in Galago and Cheirogaleus, 



Fig. 175.— Elongated Tarsus of certain Lbmuroids 
I<eft’hand figure. Tarsus of Cheirogaleus ; right-hand figure. Tarsus of Farstus, 
At calcaneum ; Z?, cuboides ; C, naviculare. 


Secondly, the os calcis and astragalus may be similarly 
elongated, as in the Frogs. 
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17. The BONES OF THE PROXIMAL PART OF THE TARSUS 
are always the largest and most important. 

The astragalus and os calcis, and probably also the 
naviculare^ may be represented by a single bone, as in 
many Lizards, and they may intimately fuse at an early age 
with the distal end of the tibia, as in almost all Birds. 

In this latter case these bones unite very early into one, 
which remains long distinct from the tibia, only in the 
Ostrich, Rhea, and Emeu ; and for some time after hatching 


in the Dorking Fowl. 



Fig. 176. — Right Foot op Emeu. 

n, .istr^alus , second, third, 

and fourth digits : t/t, metatarsals 
anchylosed together except at their 
distal ends ; tibia ; / 3, distal tarsal 
element. 



Fig. 177 — Left Foot of a Monitor 
Lizard {rarantts). 

fibula . m * — m 5 , the five metatarsals, 
m * being that of the hallux ; t, tibia ; 
1, astragalo'calcaneum , a.ciiboides, 
3, ecto-cuneiformc. 


In Lizards this compound bone is extended transversely, 
but very little backwards. It articulates with both the tibia 
and fibula above, and has an irregular surface below for the 
reception of the mo’-c distal tarsal bones. 
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In Birds it is also transversely and but little antero-pos- 
teriorly extended, while it sends up a process which is applied 
to the front of the tibia (Fig. 176, a). It may be perforate^! 
by one or two canals for extensor tendons of muscles. 

Thus no projection corresponding with the tuberosity of 
the os calcis exists m this compound bone. 

Inasmuch as the astragalus of man articulates with the 
tibia, it has a character which is constant. A distinctness 
like that which it possesses in him is not only, as we have 
seen, far from universal, but its distinctness is less than that 
of its serial homologue in the hand ; for not only may the 
astragalus anchylose with other tarsal elements, but with the 
long bone of the limb also, as in Birds. 

The astragalus may be represented by two bones, as in 
the Salamander and other Tailed-Batrachians, or it may 
anchylose with the naviculare, as in the Crocodile. 

It may bear a larger proportion to the other tarsal bones 
than it does in man, as is the case in the Seals. It may 
articulate widely with the cuboid bone, as in Ruminants. 

One or even two extra ossicles may be attached to the tibial 
side of the foot, as in Ccrcolabes. An extra ossicle is 
annexed to the astragalus in the male Ornithorhynchus and 
Echidna, 

The astragalus may project much beyond the os calcis, as 
in the Two-toed Ant-eater. 

In the Sloths the astragalus has a deep cup-shaped cavity 
on its outer side to receive the process of the fibula, as before 
mentioned. That of the Ornithorhynchus has a cup for a 
process of the tibia. 

The largest bone of the human tarsus, the calcaneum^ 
may have its relative size to the other tarsal bones yet further 
increased, as in Tarsius, where it attains one-third the length 
of the sfflne from atlas to sacrum inclusively taken. It may, 
on the contrary, be much diminished, as in the true Seals, 
or still more so, as in Birds. Where it is distinctly ossified 
in Tailed-Batrachians and Reptiles, it develops no tuberosity, 
except in the Crocodiles, where that process is still small. In 
Birds this bone seems very early to be absorbed into the 
astragalus. 

It never seems to anchylose with any other tarsal element, 
unless it also anchyloses with the astragalus, as in Birds and 
in many Reptiles, e.g. Lacerta agilis. 

The tuberosity may be very much twisted in man^s own 
order, e.g. Perodicticus and Loris, It may be all but absent, 
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as in the Seals. It may be, on the contrary, enormously pro- 
duced, as in the Horse. 

It may have appended to it an elongated ossification which 
iA parts enters upon the tendo Achillis, as in Bats, and this 
may be of great breadth as well as length, as in Noctilio 
leporinus. 

The end of the os calcis is broad, bifid, and incurved in 
the Ornithorhynchus and Echidna. 

In that man’s ankle-joint is situated between the leg-bones 
and the tarsus, it agrees with the same part not only ir^the 
whole of his own class, but also in Batrachians. It ma?be, 
however, that the joint by which the foot moves upon th^eg 
is not so situated. This is the case in all Birds, where mo^on 
takes place not between the tarsus and the tibia, but bct\feen 
the proximal and the distal parts of the tarsus, the ankle-jttint 
being in them an inter-tarsal one, with the proximal pai^ of 
the tarsus anchylosed to the tibia, and its distal part to:Aiie 
metatarsus. ^ 

A similar joint exists in Crocodiles, though the 
nial part of the tarsus is firmly attached to the leg-bo^s 
but by fibrous tissue, and not by anchylosis, Q 

Much more mobility than obtains in man may exist e\®n 
in Mammals, between the proximal and distal parts of ®e 
tarsus, as m the Orang, and especially in Galago. J 

The leg, instead of being set on the foot vertically, as ^ 
man, may be applied obliquely, as in the Orang and Potfi. 

There was, doubtless, in the Ichthyosaurus a limitation 3 f 
motion between the bones of the hind limb, similar to that 
which we find in the existing Cetacea between the bones of 
the fore limbs. 

The naviculare, or scaphoid^ may anchylose with one of 
the distal row of tarsal bones, as in the Ox and Deer, where 
it unites with the cuboid. • 

Instead of being situate as in man, it may be central and 
distinct, as in Salamandra and other Tailed-Batrachians, and 
as in Chelydra and ^hamelco. It may be very short and 
very wide transversely, as in the Horse. 

Its tuberosity may be much produced, as in Hylobates. The 
articular surfaces for the cuneiforme may be remarkably 
convex, as in Loris. 

The naviculare ma*y be greatly produced, as is the case in 
Galago and Tarsius. 

18. The BONES OF THE SECOND ROW are far less con- 
stant and never so large and conspicuous as are those of the 
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first row. They may coalesce with the metatarsals, as is the 
case in Birds, the Chameleon, and in Bradypus. Almost 
always short, these bones may yet, as in the Insectivore 
Rhynckocyon^ be lengthened somewhat, while the proximal 
bones are not so. 

The ento-cuneiforme presents characters which differ inte- 
restingly from man’s, in species which are closely allied to 
.him. Thus the articular surface for the first metatarsal, 
instead of being flat, as in him, becomes convex even in 
the Gorilla, and completely saddle-shaped in the Lemurs, 
as also in the prehensile-jfooted Marsupials, e.g. the Pha- 
langers. 

A strong tubercle may project from the middle of the 
inferior margin of the tibial surface, as in Lemur. 

The ento-cuneiforme is much the largest of the three 
cuneiform bones in the Seals, but it may be quite wanting, as 
in the Ox and Sheep. 

It may coalesce with the meso-cuneiforme bone, as in the 
Horse and in Hyla falmata^ or with the ento-cuneiforme also, 
as in the A lligator lucius. 

The meso-cuneiforme., instead of being as in man, may be 
relatively very much smaller than the other cuneiforms, as 
in the Armadillos called Encoubert and Cabassou, but it is 
never very much larger. 

It may anchylose with the second metatarsal, as in the 
Chameleon and Brady pus. 

As has been said, it may coalesce with one or both of the 
other cuneiforms in certain Reptiles. 

The ecto-cuneiforme may enormously preponderate over 
the other cuneiforms, as in the Horse. It may, on the con- 
trary, be decidedly smaller than the ento-cuneiforme, as in 
the Seals. 

It may coalesce with the third metatarsal, as in Birds, the 
Chameleon, and Bradypus ; with both the other cuneiforms, 
as in Alligator lucius; or with the meso-cuneiforme only, as 
in Rana esculenta. It may be the only distinct representative 
of the cuneiforms, as in Bufo bifurcatus, 

^ This and the meso-cuneiforme may be the largest bones of 
the tarsus, as in Pygopus lepidopus. 

The single condition in which the cuboides exists in man 
is universal in his class, unless sometimes in the Omitho- 
rhynchus, where it is said to be represented by two bones, as 
is certainly the case in some Batrachians, e.g. in Salamandra 
and the Axolotl. 
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It may, however, coalesce with the naviculare, as in the Ox 
and Deer. 

It may unite with the fourth and fifth metatarsals, as in 
the Chameleo and Bradypus. 

19 . The distinctness of the metatarsus and the develop- 
ment which this segment of the limb attains in man are 



Fig 178 —Skeleton of Right Pel- Fig 179— Right Pelvic Limb of 
VIC Limb of Horse. liiRAFhK, 

astragalus ; c, calcaneum ; cuy cii- <1, astragalus , r, calcaneum ; cw, cu- 
boides ; tv, ecto-cuneiforme . /*, fe- boides , d proximal phalanx of 

rmir ; gt^ great trochanter , m \ meta- third digit , d proximal phalanx of 

tarsal of third digit , riidimcuiary fouith digit femui , y'' rudiment 

fourth metatarsal navicuUre ,/f?, of lihula (the line is notxontinued 

patella; and/ first, second, far enough — the rudimentary fibula 

and third phalanges of the third and is a small ossicle reposing on the 

only digit ; sesamoid ; /, tibia ; upper surface of ihe calcaneum, as 

thira trochanter, shown in the figure); meta- 

tarsals of digits 3 and 4 united into 
one “cannon-bone”; patella; 
ty tibia. 

characters which are normal in man’s class, and more or 
less so in that of Reptiles. The metatarsus may be of much 
greater relative length than in man, as is the case in the 
Ungulata, 
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It may be that the metatarsals coalesce with the distal part 
of the tarsus, as in Birds, the 
Chameleon, and Bradypus, 
Metatarsals may coexist each 
with only one if any phalanx, as 
in Ophiodes. The first metatar- 
sals may widely diverge from the 

Fig. iSc-Rudimentaky Pelvic 1*"® as in non- 

Extkemitv of Ophiodes . human Primates, and m some 
/, fibula . t, tibia. Marsupials, e.g. Pkalangista. 

[After Fiirhrin ^ er ^ A moie complete divergence 

or opposition, however, may 
exist, as in most Birds ; or as in the Chameleon, where the 
two tibial metatarsals are 



opposed to the three peroneal 

ones ; or as in Parrots, where ill ® 

the first and fourth are op- 

posed to the second and 

third. 

In the number of these 
bones and their sub-equality I 

of development man agrees I 

with a great number of Verte- I 

brates above Fishes. Never- 
theless, the number may be i 

much reduced, and the pro- ) 

portions of the several bones 
may vary in different modes. ffil ® 

Thus there may be but a 
single metatarsal, the third, 3 

with rudiments of the .second 1 - 

and fourth, as in the Horse ; A 

or but a single large one, the W 

fourth,*with the second, third, 1 

and fifth metatarsals very « 

small, as in Cheer opus. ^ 

There may be but a single ^ o 

. 1 • 'a f Fig. i8i — Bonks of Right Joot of 

bone, which consists of the Charopus castanotis (nat, size). 

third and^ fourth fused to- asirapalui, c, calcancum ; ih, cu* 
gether, as in the Sheep, Deer, bo’uies , t ecto-cuneiformc : «, na- 
^c., and in the Ostrich ; or of 

second, third, and fourth fused -o.u.l.gy ") 

together, as m the Jerboa and 

the Emeu ; or of these and the first also, as in many Birds. 
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In such cases a separation of the lower end of the bone 
into articular condyles for the different digits indicates the 
composite nature of the bone. 

There may be but four metatafsals well developed, as in 
the Dog ; or but three, as in Rhinoceros ; or two, as in the 
Hog and Proteus ; or but one, as 
has been mentioned, in the Horse 
and Choeropus, 

They may be anchylosed to- 
gether at their proximal ends, 
as in the I'hree-toed Sloth. 

The metatarsals never seem 
to decrease in size from the first 
to the fifth, but often, as in man, 
from the second to the fourth. 

They may increase in size from 
the first to the fifth, as in the 
Great Ant-eater and the Orni- 
thorhynchus. 

The two central ones may 
greatly exceed the lateral ones, 
as in the Hog ; or the first and 
fifth may greatly exceed in size 
the three central ones, as m the 
Seal. 

The second metatarsal is 
never exceptionally reduced, 
while the other four all remain 
well developed. 

The metatarsals are never 
enormously elongated like the 
metacarpals of Bats. 

All may be extremely short 
and stunted, as m the Land Tor- 
toises and Ichthyosaurus, 

The number five is never 
increased (except by monstrosity^ in any knowm Verte- 
brates. 

The vertical line of bilateral symmetry in the foot ma\ 
pass (as in the Ox and Sheep), so as to have the third meta- 
tarsal on one side of it and the fourth metatarsal on the other ; 
or it may (as in the Horse and Rhinoceros) pass through the 
middle of the third metatarsal. 

The latter symmetry may prevail where there are fovr 
P 2 
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Fig. 182 — Bonf-s of- Rk.h 1 Pi.s 

OF Jekboa {Dipns A£gy/>tui^ . 

a, a*- trag.il us ; c, calcaneum ; cb, 
cuboides . c ^ ineso cunciforme . 
i 3, ecto-cuneiforme ; //. Ill 

and 1 1 ' , second, tlftrd, and 
fourth digits 

{^Fri>m Flojvers Osteology ") 
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^digits, as in the Tapir ; and the former symmetry may prevail 
where there are but three digits, as in the Peccary. 

20. The BONES OF THE TOES. These may be entirely 
wanting for all that there are metatarsals, as perhaps in 
Ophoides, The number of toes (digits) which may be de- 
veloped has been indicated in treating of the metatarsus. 

Thus there may be but a single digit, as in the Horse, and 
a single developed one, as in Chcsropus, 

There may be but two, as in the Ox and Sheep, Ostrich 
and Proteus; three, as in the Rhinoceros, Jerboa, and Rhea ; 
four, as in the Hare, Dog, and most Birds. 

When one digit is wanting, it may be the fifth, as in Birds, 
or the hallux, as m the Hare. 

The third and fourth digits may be the only functional ones, 
as in the Ostrich ; but the third may abort, leaving only the 
fourth, as in Choer'opus ; or the fourth, leaving only the third, 
as in the Horse. The fourth and fifth may be the only 
functional ones, as in the Kangaroo. The first and fifth 
may be much larger than the others, as in the Seals. 

The first (hallux) may be more or less opposable, as in 
Monkeys, Lemurs, Opossums, and Phalangers. Other oppo- 
sitions of the digits may exist, as already noticed in speaking 
of the metatarsals. 

The digits may be excessively stunted, as in the Land 
Tortoises, but they are never so enormously produced as are 
the digits of the hands of Bats. They may, however, be 
very much larger with relation to the tarsus than is the case 
with man, as e,g. in the Onang. 

The bones of the toes in man equal in number those 
developed in other Mammals, except in the Orang, where the 
second phalanx of the hallux may abort altogether. 

In their distinctness these bones also agree with those of 
most Mammals, but it is possible for the proximal row of 
phalanges to become anchylosed to the metatarsals, as is 
the case in the Three-toed Sloth. 

In that his phalanges decrease in length distad, man 
follows the rule of his class generally. But the second 
phalanges may be much larger than the proximal ones, as 
in the Two-toed Sloth. 

The penultimate phalanx may be considerably larger than 
the more proximal ones of the same digit, as in the fourth 
toe of Birds, e.g. the Eagle. 

The number of phalanges .may be different from that in 
man. They may be much more numerous, as in the ex- 
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tinct Ichthyosaurus and Plesiosaurus, or the numbers of the 
phalanges as we proceed from the first to the fifth digit 
may be 2, 3, 4, 5, 4, as in Lizards, or i, 2, 3, 3, 2, as in Sala- 
mandra, or 2, 2, 3, 4, 3, as in the Frog. In Birds (where the 
fifth digit is never developed) the numbers of the phalanges 
of the four digits, proceeding from the hallux, are mostly 2, 3, 
4, 5 ; but they may be 2, 3, 3, 3, as in the Swifts, or 2, 3, 4, 3, 
as in the Goatsuckers. It is by the number of their pha- 
langes (4 and 5) that the two digits of the Ostrich are known 
to answer to the fourth and fifth digits of other Sauropsidans 
{e.g. Lizards) which have all five digits developed. 



Fig. 183,- Left Foot of a Monitor Lizard {Vatamis) 

/I fibula ; m * — w/ 5, the five nietatarsalb, m ' being that of the hallux ; /, tibia ; 
I, aitragalo'Calcaneum ; a, cuboides , 3, ecto-cuneiforme. 


The terminal phalanges may bifurcate, as in the short-tailed 
Pangolin, or develop a fold of bone to support the claw, as 
in Cats and Edentates, eg, the Sloths, 
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LESSON VI. 

THE INTERNAL SKELETON GENERALLY CONSIDERED, 

j. Having now reviewed the parts composing the internal 
(bony and cartilaginous) skeleton of man, and seen the more 
remarkable differences which corresponding parts may pre- 
sent (whether by excess or defect) m other animals, we are 
in a position to survey the more general relations of the 
ossified or chondnfied skeleton in general, and that of man 
in particular, and to summarize as follows 

The human cndo-skelcton, with respect to the number and 
development of its elements, is a very complete one, except 
as regards the coccygeal and hyoidean parts of it. The former 
of these aborts in him as in few other Vertebrates ; the latter 
IS less exceptionally defective. 

In contrast to this completeness in man, whole skeletal 
regions may be quite or all but absent in some other forms, 
as in Whales and Porpoises, Eels and Serpents. In Serpents, 
indeed, not only are limbs generally quite wanting, but the 
hyoidean region aborts much more thiin it docs in man. 

Man^s cndo-skelcton is highly organized with regard to the 
mutual relation and adaptation of its parts, though, except as 
to the opposability of the thumb to the fingers, it is not more 
perfect in this respect than is that of many beasts. 

With regard to the number of separate bones of which it is 
composed, when adult, man’s skeleton occupies an inter- 
mediate position ; as, though in many Vertebrates (especially 
Fishes), the actual number is greater, yet some Vertebrates 
(as Frogs, Tortoises, and most Birds) have a smaller number. 

Thus, while more of the bones of the skull, as also of the 
sacral region, become fused together in him than in most 
forms, yet a smaller number of such bones escape anchylosis 
in the class of Birds than in man. 

As to the extent of persistent cartilage in the adult condi- 
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tion, man shares, speaking broadly, the characters of his class. 
Ossification is carried further in the class of Birds, but much 
less far in Batrachians and Fishes. In some Fishes, indeed 
(both of the highest and lowest forms), the entire skeleton 
remains throughout life persistently cartilaginous, while in 
the lowest form of all Vertebrates (the A mphiox us or Lancelot) 
it is mainly represented by fibrous membrane only. 

2. Reviewing the form and development of the spine in 
man, we may note certain significant facts and generaliza- 
tions : — 

(1) The backbone exhibits to us a good example of serial 
symmetry. The successive vertebrae nre evidently serial re- 
petitions of parts in some sense the same, i.e. are serial 
homologues, or homotypes 

(2) We find that modifications may be produced by the 
suppression in some vertebra' of parts existing in others, as 
e.g, of the neural arch in the coccygeal \ertebrac. 

(3) We rind that modifications may be produced by the 
coalescence of parts by anchyJos.s, eg. the anchylosis of the 
sacral vei tebne to form the sacrum. 

(4) Parts bony in one portion of the spine may be repre- 
sented by membrane only in another, as we sec in the neural 
canal of the sacrum closed in part by membrane only. 

(5) A vertebra with annexed parts (two ribs and the inter- 
vening piece of the sternum) may completely encircle the 
body cavity.* This suggests the question whether there may 
not be membranous n presentativcs of iibs similarly enclosing 
the body cavity, annexed to paits of the spine where there 
appear to be no bony ribs, as eg. in man’s lumbar and 
cervical regions. 

(6) The transverse processes of some at least of the cervical 
vertebne arise by separate centres. This suggests the ques- 
tion as to whether their natuie may not be essentially dif- 
ferent from that of the transverse processes of th(» dorsal 
vertebra'. 

(7) We have seen that a vertebra may include (besides a 
centrum and neural arch with its processes) double transverse 
processes, vertebral and sternal ribs, and a sternal segment ; 
the whole forming an external or (parietal) ventral arch, while 
beneath the centrum may be developed a second, deeper, 
more internal hypapophysial arch. 

(8) The varying conditions presented by the two vertebrae 
next the skull in different animals above Fishes, suggest the 
question whether we can reduce to a common type that 
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exceptional structure, the odontoid process of the axis verte- 
bra of man. 

3, First, as to the question just suggested regarding man^s 
cervical vertebrae. 

It is well known to anthropotomists that the veritraJ 
(anterior) root of the transverse process of the seventh cer- 
vical vertebra (if not also of vertebrae nearer the head) ossi- 
fies separately. 

At the same time the dorsal (posterior) root of the same 
transverse process plainly answers to the whole of the 
so-called transverse process of a dorsal 
vertebra, namely, to that part which 
articulates with the tubercle of the rib. 
As we have seen, this cervical trans- 
verse process may be, in the lowest 
Mammals and in Crocodiles, a distinct, 
Fig. j 84 —Vertebrae of morc or less Y-shaped bone. 

“e “ai tZcl >st such a condition of the 

tion of the rib to meet proximal end of a rib IS, as we have seen, 
the superimposed par- ^ell exemplified in many Batrachians 
bercid^^pr^wss A Mcuopoma and Menobranchus\ in 

capitular process; s\ wliicli a dorsal (tubcrcular) and a Ventral 
spinous process. (capitular) transvcrsc process articulate 

with a Y-shaped rib, one branch being applied to each process. 

Thus a Y-shaped bone attached to a cervical vQftebra may 
be interpreted in two ways : ( i ) as a small rib which has united 
with it parts of both the ‘‘ tubercular ” and the “ capitular ” 
processes of the vertebra to which it is annexed ; or (2) as 
a rib with a “tubercle ’'so largely developed as to equal the 
“head and neck” in size. 

Plainly, then, the “ perforated ” transverse processes of 
man’s cervical vertebrae consist, in part, of rudimentary ribs. 



Fig. 185. -Lateral View of Sixth Vertebra of Salamandra. 

fhis figure shows the rib bifurcating not only proximally t6 meet the super-impose 
paraxial processes, t and c (di apophysis and parapophysis), but also distally. 

It was noted that the distal ends of the cervical transverse 
processes of man diverge as two small processes, termed 
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“tubercles.” Now, if each transverse process represents a rib, 
we have here a slightly bifurcating rib. But this, as we have 
seen, is a condition which plainly obtains in certain Batra- 
chigins, where the rib not only bifurcates proximally, but also 
distally. 

4. Secondly, as to the question above suggested respecting 
the “ odontoid process ” in man. 

It has been seen how in many animals we have a distinct 
“ odontoid ” bone — instead of an odontoid process — interposed 
between the axis and the atlas ; but we have nowhere observed 
a fully developed centrum of the atlas co-existing with such 
an odontoid bone. 

This fact indicates, what is no doubt the case, that the 
“ odontoid process ” is the true centrum of the atlas, united, 
not with the rest of its own vertebra, but with the centrum of 
the axis. 

What, then, is the nature of that transverse bar of bone 
belonging to the atlas, and passing, in man, in front of and 
articulating with the odontoid process ? It is probably hypa- 
pophysial in its nature, as wedge-like hypapophysial ossicles 
are often developed between the adjacent margins of verte- 
brae on their ventral aspect, as e.g, beneath the lumbar ver- 
tebrae of the Mole. It may, however, be an ossification of 
part of an intervertebral body. 



Fig. x86. —Atlas and Axis VERTKBRiC of a Chelonian Reptile. 

hy^ hypapophysis of alias; transverse process; z, prezygapophysis ; z\ post- 
zygapopnysis ; r, neural spine ; hy\ odontoid bone ; hy'^^ hypstpophysis of 
true centrum of axis 

{From ihe College of Surgeons" Museum. ) 

Thus harmony and unity become manifested by means of 
a general study of anatomy, which would escape us did we 
investigate the human structure alone. 

5. In considering the most general relations of the human 
skeleton it will be convenient to imagine the backbone 
placed horizontally, with the limbs descending at right angles 
from it, such being the position of the backbone in the great 
majority of Vertebrates. 
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The fundamental facts of development (noticed in the Second 
Lesson) must also be borne in mind : how the dorsal laminae 
ascend and form the neural canal, and how the ventral . 
laminae descend to form the trunk. Also, how each of these 
ventral laminae splits longitudinally on each side into an outer 
plate, forming the body-wall (bones, muscles, nerves, &c.), 
and an inner plate, forming the alimentaiy canal and its ap- 
pendages — the split laminae being united respectively at their 
ventral ends. 
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Fig 187. — Diagram of the development of the Trunk and its Skeleton, as shown 
m a section made at right angles to the trunk’s long axis nc^ neural canal ; 
ejc, epasial cartilages ascending to surround it ; /.r, paraxial cartilages de- 
scending in the plate, or layer externa! to//, the pieuro-peritoneal cavity: 
hn^ interiuil plate of the split ventral lamina. 

Between these outer and inner plates is a space (to be 
treated of m the Eleventh Lesson) called the plcuro-pcritoncal 
cavity, which thus separates the external tube of the trunk 
from the alimentary tube internal to it. 

Not only the alimentary tube, but also the heart and the 
roots of the great vessels which proceed from it, are, as we 
shall hereafter see, placed within the inner wall of this 
pleuro-peritoneal cavity. 

6. The central axis of the skeleton is evidently the noto- 
chord with the structures immediately investing it, together 
with those which generally—- by ossification — replace or en- 
croach ujion it later in the development of the individual. 

In one single form, the Lancelot, and in that only, the noto- 
chord extends forwards to the front end of the body, and 
much beyond the spinal marrow, the anterior end of which 
is the only representative of the brain. In all other forms 
the notochord stops short behind the pituitary fossa or the 
part representing it. 

Nevertheless, median parts in the same axial line with the 
notochord may be formed, as the pre-sphenoid, which is as it 
were a supplemental piece of the axis added on later to the 
primitive termination of the skeletal central axis. 
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Generally the axis of the skeleton (/>, the backbone) con- 
sists of a number of segments (vertebrae) which are serially 
homologous one with another. 

. 7. From this axis we have seen corresponding arches (carti- 
laginous or osseous) to arise and enclose the spinal marrow, 
which is the central part of the nervous system of the trunk. 
They also are serial homologues (homotypes) one of another ; 
and such arches, as they extend above the axis, have been 
called epaxial' arches. In man such arches are wanting (as 
bony structures) in part of the sacral and in the coccygeal 
regions ; yet we have seen how numerous and complete they 
may be in those regions in other animals. 

8. We have seen also that a number of arcs may extend 
out from the central axis on each side, and that these may 
descend and meet in the middle line below, so as to form 
a series of large ventral arches enclosing the body cavity. 
They also are homotypes one of another; and such aiches, 
as they extend from the sides of the backbone, have been 
called paraxial'^ arches. In man such arches are complete 
only in the thorax, where the lateral arcs, each composed of 
a rib and cartilage, arc mcdianly united by the help of the 
sternum. 

It is evident, however, that these arcs may be much more 
extensively developed in regions where they are wanting in 
man, as in the cervical vertebra' of the Crocodile, and in 
the anterior coccygeal vertcbrcC of some Chclonians and of 
Menobr an chits, 

9. Each paraxial arc, however, has been seen very gene- 
rally to ha>'e two attachments to the backbone— one above, 
the other below, i.e. one more dorsal than the other. 

In man we have the transverse process and tubercle of the 
rib placed dorsally ; and the surface for the head of the rib, 
the head itself and the neck, more vent rally. In other cases, 
e.g. Menobr an chits,, we find a distinct dorsal (or lutcrcular) 
process, and a more ventral (or capitular) process, giving 
attachments respectively to the diverging branches of a 
Y-shaped rib. 

Sometimes w^e have seen the ribs bifurcate distally as 
well as proximally, as in Salamanclra ; and sometimes, as in 
certain Fishes, e.g, ihe Tunny and Pofypia'us, there are two 
series of ribs on each side, one above the other. 

We may thus distinguish tw'o scries of paraxial parts 
on each side, one made up of tubercular processes (or 

’ 'Ciri, upon (the skelet^il axis), 3 ntr^a, beside (the axis). 
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diapophyses *) and ribs, and the other made up of capitular 
processes (or parapophyses and ribs. 



Fig. iSS.—Srx Trunk-vertebra of the Fish Polypierus. 

P, series of inferior ribs, from the roots of which the series of superior ribs {s) 
diverges and extends outwards and upwards. 


In man, as in most Vertebrates, the superimposed pairs of 
these two series of parts are completely united, except at their 
root, but a wider examination shows their probable essential 
duplicity, and makes visible relations and a significance in 
the transverse process of his thoracic and cervical vertebra?, 
which no study of anthropotomy, however patient and minute, 
could of itself reveal. 

lo. Still less would it, from such study, be possible to divine 
the nature of that hardly noticeable ridge which extends 
along the middle of the body of his axis vertebra on its 
ventral aspect ; yet that ridge is really a rudiment of a system 
of parts hardly less conspicuous and important in the verte- 
brate skeleton than the two series already noticed. 

It may be remembered, however, that in some Mammals 
(e,^. the Ornithorhynchus) a median spinous process projects 
downwards from beneath the centrum of the cervical verte- 
brae ; as also the great development of such processes (hypa- 
pophyses) in poisonous Serpents, and their extension through 
the greater part of the whole vertebral column. 

We have also seen how such median structures are directly 
in series with and answer to processes descending in pairs, 
or to forked processes, which start from a common bony 
stalk ; also that arches (chevron bones) of similar nature may 
attain a very large size, as in the tails of Whales and Por- 
poises. 

Finally, we have seen that a still more important and con- 
spicuous part may be played by the same skeletal elements, 
as in some Fishes (e,^. the Sole), where elongated arches and 

^ From 6id, through. ^ na/}u, beside. 
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processes of this kind descend from the vertebral centra and 
constitute a large proportion of the whole axial skeleton. 



Fro. 189.— Part of the Vertebral Column of a Sole. 

w, the summit of one of the epaxial aiches , A, the apex of one of the hypaxial 
arches ; /, one of the paraxial clcmentb. 

• 

These elements are developed beneath the skeletal axis (the 
centra), and therefore in the line of tissue by which are sus- 
pended the internal plates of the primitive ventral laminae. 
They have been therefore called hypaxiaL * 



Fig. 190. — Diagram of the Further I)eveiof>mfnt of the Trunk as 
SHOWN IN A Section similar to the last. 
alimentary canal supported by a mesenterv ^ formed of the dorsal portion of the 
imiei p.iris of the ^plit \n.x11 of the embryonic ventral l.uninai , c, epaxial arch;' 
//, liyjjaxial aith descendiiuj; in the median hue in the root of Wie inner part 
of the split wall of the ventral laminae ; nb, bifurratiiifi: proxinially and 
abuttinc; ventrally against the sternum, which thus completes the paraxial 
arch ; in, peritoricmn, bounding on all sides //, the pleiiro peritoneal space. 

Hypaxial processes may also be developed beneath ver- 
tebnr; to which complete paraxial arches arc annexed, as e.g, 
in the thoracic region of many Birds. 

II. Are there yet other elements of this hypaxial system 
present in man's skeleton ? 

* From urrn, under (tH(f axial skeleton). 

® For the explanation of a ‘‘mesentery” see Lesson XL 
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We have seen that the branchial arches of Fishes form a 
series of arcs beneath the head. Moreover they grow smaller 
and more contracted from before backwards, />. post-axially. 



Fig 191. — Skeleton of tlie Thorax of a Bird, showing the hyjjaxial processes, h, 
descending, which arc furnished with cuinpletc paraxial arches. 

(For parts of sternum see Lesson II.) 

These arches arc of the same essential nature as are the 
hyoidcan arch, the mandible, the palatine arcli^ and the trabc- 



Fig 192— Skull and Bkanchial Arches of a Shark, 
iS, branchial arches , h, hyoidean arch , w, mandible. palato-quadrate arch 
{From ike College 0/ Surgeons' Museum,) 

culas cranii, for (as wc shall hereafter see) the relations of the 
nerves and blood-vessels which skirt them are similar. 

In Fishes, the heart and great blood-vessels are outside 
the branchial arches, and therefore (as these vessels indicate 
the line of the pleuro-peritoneal division of the ventral lamina) 
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such arches belong to the hypaxial category of hard parts. 
Nevertheless, as they are placed beneath the anterior end of 
the alimentary tube, they evidently do not exactly answer 
tg those hypaxial elements of the coccygeal vertebras, the 
hypapophyses— for these, in Crocodiles and others, are placed 
above the posterior continuation of the intestinal tube. At the 
same time they cannot answer to ribs and sternum (/>. 
cannot be paraxial parts), for such parts must be outside the 
line of the pleuro-peritoneal cavity. 

Thus it appears that man’s upper and lower jaws, and also 
his hyoidean apparatus, not only belong, as we have seen, to 
a group of skeletal parts, which become much more developed 
in Fishes, but that this whole group forms one special division 
of a skeletal category (the hypaxial), the parts of which may 
be termed splanchnapophysesi 



Kig 193 —Diagram of a transver^ie Vertical Sfxtion of the most 
DEVK ioFEU Skeletal Secjment, according to the conception put 

FORTH IN THIS ChAFTHIR. 

From above the centrum the epaxial parts, e (neural arches and neural spine), 
ascend. From each side of the centrum the i>araxial system, proceeds out- 
wards and downwards to coalesce wuh the sternum below. 

/, tubercular process ; /r, tubercular part of the rib ; tr\ its continuation outwards 
towards the surface of the body ; r , capitular process ; tv, capitular part of 
the rib , vr, vertebral nb; rr, sternal rib, jr, sternum ; a, part of the hspaxial 
system related to the great vessels (hypapophysis) ; b, part of the same related 
to the alimentary tube (splanchnapophyscs) ; c, part related to tne heart. 

12. The backbone of man, then, is a partial realization of 
a complex axial skeleton, as thus : — • 

(1) A central axis, terminating anteriorly behind the pitui- 
tary fossa, and posteriorly at the end of the spine itself, seg- 
mented antero-posteriorly (/>. divided into the bodies of the 
vertebrae), the segments having relation to the nerves coming 
out from the spinal marrow— centra/ parts. 

(2) A superior cylinder, also segmented (the neural arches), 
generally developing articular processes, and sometimes others 
bcsldos—epaxia/ parts. 

’ From irwXaTxva* entrails, and uirofv<rt£, because they are related (laterally 
or inferiorly) to the alimentary tube. 
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(3) An inferior cylinder, external to the pleuro-peritoneal 
cavity, and segmented (ribs, &c .) — paraxial parts* These 
may be subdivided into two series : — 

{d) Tubercular processes {diapophyses) and upper ribs. 

\b) Capitular processes {parapophyses), lower ribs, sternal 
ribs, and sternum. 

These two series generally, as in man, coalesce, and the 
component parts may have various relations of position 
to the body and neural arch from which they spring. 

(4) An inferior cylinder, internal to the pleuro-peritoneal 
cavity, or directly above the origin of the internal walls of 
that cavity — hypaxial parts* These maybe subdivided into 
three possible series, two of which are known to be actually 
developed as hard parts 

(rt) Parts above the alimentary cavity or its prolongation, 
and in relation to the great blood-vessel immediately below 
the central axis {hypapophyses), 

{b) Parts bounding externally the alimentary canal 
{splanchnapophyses )» 

(c) Parts bounding externally the heart or great vessels, 
but of course internal to the pleuro-peritoneal cavity. 

Hypapophyses are most largely developed in Cetaceans 
and Fishes, such as the Sole. 

Splanchnapophyses are only formed in the region of the 
head and immediately behind it, and form the trabeculae, 
the jaws, and the hyoidean and branchial arches. 

Sometimes, as in the Lamprey, splanchnapophyses may 
be absent as hard parts, but in the region where they would 



Fig. 194. — Skeleton of Head and Gills of Lamprfv. 

if hinder part of the external (paraxial) cartilaginous skeleton of the gills; au, 
auditory capsule; /z, hyoid ; w, neural arches , /, palato-quadrate arch, 

be developed, if at all, we find a system of paraxial cartilages, 
bounding the gill chambers externally.* 


Sec Lesson XII. 
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Sometimes, as in the Sharks, not only are there solid 
splanchnapophyses, but there are at the same time external 



Fig. 195. — Diagram of the condition of the Skeleton in the Branchial 
Region of a Lamprey (transverse vertical section). 

;/, neural canal ; b, alimentary canal, only bounded by b , which is a membra- 
nous representative of splanchnapophysial parts; v, the ascendint; \esscls . 
p, the paraxial system (external cartilaginous skeleton of the gilK), 01 branchial 
basket. 


paraxial cartilages (like those of the Lamprey) coexisting 
with the splanchnapophysial hard parts of the branchial 
region. 



Fig 196.— -Diagram ok the condition of thf Skfi eton in the Branchial 
Region of some Sh vkks (transverse vertical section) 

n, neural tan.il ; b, alimentary canal, sin rounded by solid vister.il h^pavi.il 
parts (splanchnapophyses); r', the aurtir vessels, extending up outside the 
branchial aichcs and inside the p.iraxial system (/), hcie icprcsenltd by 
certain c sternal branchial cartilages. 

The general summary of the endo-skelcton here given 
refers, of couYse, to the skeleton in its most developed con- 
dition, and expresses the greatest complexities exh limited to 
us amongst the whole scries of vertebrate animals. But, 
as the most perfect skeleton is at one time an embryonic 
structure devoid of both bone and cartilage, so in the 
lowest of Vertebrates the skeleton is (as we have seen) m 
a soft, membranous condition. In lieu of the complex dif- 
ferentiation of higher forms, we find in A 7 iiphioxus only 
sheets of membrane, or lamella;, placed more or less at right 
angles to the very long axis of the body and proceeding out- 
wards from the notochord to the skin. 

The whole series of such membranous body-girdles may 

Q 
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be considered as the precursor of the axial system, and the 
parts of such lamellae as foreshadowing the future carti- 
laginous and bony complexities which come ultimately to 
occupy parts of the areas of such lamellae. Such com- 
plexities are the most complete expression known to us of 
the axial skeleton, as the membranous lamellae are its most 
imperfect and undifferentiated form. 

The parts of the axial skeleton may be tabulated as 
follows : — 


iillpaxial . 


j' Neural spines, 
i Neural arches . 


Prozygapophyses. 

Postzygapophyses. 

Metapophyses. 

Anapophyses. 

H y perapophyses. 

Zygantrum. 

Zygosphene. 


Central 

Bodies of verte 
braj (or noto- 
chord). 


Paraxial . 


I'Diapoph 


yses — upper ribs. 


J Parapophyses— lower ribs 
i and sternum 


^Hypaxial 


/Hypapophyscsfeitber sin- 
gle or forked, or as de- 
tached chevron bones). 

( Trabeculae. 
Mandible. 

Cornicula and hyoid. 
Cornua and hyoid. 
Branchial arches. 


j Ventral boundary of the 
I heart -sac, never ossified 
. \ or chondnfied. 

13, We may now specially consider the anterior end of the 
axial skeleton, reviewing the structure of man’s skull in the 
light afforded by the study of other animals. 

That# division which was made at starting between the 
skeleton of the face and of the brain-case now appears to 
have been both true and significant. 

All the face and both jaws are, we have seen, ossifications 
around the anterior splanchnapophyses, and are but of small 
size compared with the same parts as developed even in 
some members of man’s own class (r.jr, the Whale). More- 
over, we have seen that such parts in him are but mere rudi- 
ments of what may be developed in other animals, as is made 
manifest in Fishes, with their largely developed branchial 
skeleton and complex suspensorial apparatus for the jaws. 
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14, The cranial characters presented by man may be 
indicated in the following generalized manner : — 

The skull may be said to consist of a central axis (formed 
by, the basi-occipital and basi-sphenoid), to which ascending 
and descending arches are annexed, and in which certain 
structures are intercalated. 

We have the occipital arch, and in front of this a second 
arch formed by the great alae of the sphenoid and the parietals, 



Fig. 197 —Ideal, Geni-rai i7Li) Diai.ram of an O^seou*; Skull. 
rt, ali-sphenoid ; ar, articulare ; M, basi-hyal , bo, basi>occ)pual ; bs^ basi-sphe- 
iioid cb, cerato-branchial , ck, cerato-hyal . ipt, ecto- pterygoid ; d, dentary , 
eb, epi-br.anchial ; eh, epi hyal ; eo, ex-occipital , epiotic . ept, ento-ptery- 
goid ,/, frontal \fo, fenestra ovalis .y* fenestra rotunda , g, quadrato-jugal ; 
gh, ^losso-hyal ; hh, hypo-branchial , k, lachrymal , le, laicral-ethinoid , m, 
maxilla ma, malar , me, median-ethmoid ; mpt, meta -pterygoid , w, nasal , op, 
opisthotic , os, orbito-sphenoid , p, parietal , pa, para-sphenoid, ph, pharyngo 
branchial ; pf, post-frontal ; pi, palatine ; pm, pre-maxilla ; ps, pre-sphenoid pt, 
pterygoid ; pic, pterotic, px, hyo-mandibular , q, quadratum , sh, stylo-hyal , ^o, 
supra-occipital ; sph, sphenotic; sq *, squamosal , pre-operculum . /, ostrans- 
versum , tk, tympano-hyal ; %<, vomer ; z *, upper zygoma . z lower zygoma 

and, again in front, a third arch formed by the orbitaT alfe and 
the frontal. 

Into the median gap bounded by the arch of the frontal, 
the olfactory organ (the ethmoid) is, as it w ere, thrust. 

Into the gap left on each side between the lateral occipital 
and the great ala of the sphenoid, the auditory organ (the 
temporal bone) is thrust. 

Similarly, the much smaller lateral gap left between the 
great ala and the orbital wing of the sphenoid Is related to 
the organ of sight, which, though not ossified in man, like 
Q 2 
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the olfactory and auditory organs, is protected by bony ex- 
pansions (the bony orbit) round it 

Beneath the basis cranii we have (i) the great cornua 
of the hyoid, which send up no connecting ligaments to it, 
but which through the basi-hyal are connected, by the lesser 
cornua, with the styloid processes. (2) In front of this 
hyoidean arch we have the mandibular arch, and (3), again 
in front of this, the arch of the upper jaw, ending posteriorly 
in the pterygoid bones and amalgamated in front with the 
osseous covering of the nostrils (the nasals) and with the 
outer protection of the orbits (the malars), which latter send 
back a bony arch (the zygoma) to the bony envelope of the 
auditory organ. 

15. If we descend greatly in the Vertebrate scale — as, for 
example, to an osseous Fish — we find the same generalized de- 
scription will apply, while the cornua and the cornicula of the 
hyoid are more solidly represented, and similar serial homo- 
logues are developed in succession behind them. A lateral 
zygoma (like that of man) is wanting in the Fish, but interme- 
diate forms the Crocodiles and Sphcnodon) have shown 
us that there may be two lateral bony arches extending back- 
wards, one above and one below the orbit, and separate one 
from the other. A striking difference from man may be pre- 
sented by the ossification around the internal ear in Fishes, 
where, instead of being in one bony piece, hardly visible but 
at the base of the skull, it may be in five distinct pieces, visible 
at the back and the roof of the skull, and forming a very large 
part of its side wall. Many other differences also exist, the 
more important of which have been noted in Lesson III. 

As has been said more in detail in that Lesson, the 
bones of the face, including the jaws and hyoidean and 
branchial arches, arc all ossifications in and about the carti- 
laginous arcs of the several visceral arches, or splanchnapo- 
physcs. ' 

16. Since the facial parts may be reckoned to be splanchna- 
pophysial, and therefore, as we have seen, more or less related 
to the hypapophyses of the trunk (because hypaxial in their 
nature), it remains for us to consider what are the most general 
relations of the cranial (as distinguished from facial) parts 
of man and of other Vertebrates — to what category of spinal 
axial parts may they be said to appertain ? 

As the side walls of the cranium are developed in the 
laminae dorsales, and in part invest the notochord, they 
must be reckoned to be es^eptially epaxial parts ; but are 
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they so in the sense that each of the successive cranial arches 
(each cranial segment) iyiswers to the centrum neurapophyses 
and neural spine of a vertebral arch (or spinal segment) — t,e, 
auQ they modified vertebrae? To this it must be replied that 
in development the parts which transitorily or permanently 
represent m cartilage the bony brain-case of man are never 
serially segmented, and thus differ fundamentally from the 
cartilaginous predecessors of the bony vertebrae. Neverthe- 
less, it cannot be denied that there is a singular and striking 
reminiscence of vertebrae in the three arches of the bony 
skull. Certainly, if the essence of vertebrae consists in being a 
series of bony rings fitted together and enclosing the nervous 
centres, then it must be asserted that the skull is in part 
composed of three bony vertebrae. Moreover the condition, 
before described, of Baa^rus (Fig. 60) shows how undoubted 
vertebrae may become expanded, like the bony arches form- 
ing the cranial walls. In their mode of development, how- 
ever, these cranial segments certainly do not agree with true 
vertebra', though they have this singular secondary and in- 
duced resemblance to such skeletal parts. 

It may be objected, however, that the number of the 
splanchnapophysial arches docs not correspond with that of 
the cranial ones. To this it may be rejoined, either (i) that, 
as is very probably the case, more numerous primitive cranial 
segments have coalesced or ceased to be developed, though 
their hypaxial members still persisting, point to their former 
existence ; or (2) that though the paraxial and hypapophysial 
arches correspond in number with the vertebral segments 
of their respective regions, yet that the splanchnapophysial 
arches, belonging to a category by themselves, may really 
answer to the existing epaxial arches, and this as follows: — 
The trabecuUe to the first arch ; 

The palatine arch to the sphenoidal arch ; 

The mandible to the occipital arch ; • 

The hyoid and cornua to the atlas ; 

The hyoid and cornicula to the axis ; and 
The succeeding splanchnapophysial arches to the several 
succeeding cervical vertebrae or their representatives in 
lower animals. On the other hand, it may be that these 
arches correspond with aborted vertebras, all the centra of 
which are, in existing animals, represented only by the basi- 
occipital and basi-sphenoid, 

17. VVe may now review man's limb-bones (or appendi- 
cular skeleton) in the most generalized way. 
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In the first place, it appears that the appendicular appa- 
ratus is, in the developed skeleton, ^no mere portion of the 
axial skeleton, but is (in all forms as yet known) a distinct 
system of parts appended to and more or less closely and 
variously connected with the axial system. 

1 8. The upper limbs in man are suspended, as we have 
seen, from an incomplete bony girdle attached to the backbone 
on Its dorsal aspect, by soft parts only ; but on the ventral 
aspect abutting against the median portion of the paraxial 
system, i.e. against the stcrnim^ — doing this, nevertheless. 



F’lO t 98.~ Transverse Section of the 1 horax of Man, showing the relation borne 
by the appenilicular skeleton (shoulder-girdle) to the axial skeleton : the latter 
IS represented by the black parts of the figure 
n, neural canal, s, neural spine, /t, thoracic cavity; s, sternum, c, clavicle; 
sc, scapula (cut through) ; A, head of the humerus. 

only with the clavicles. We have seen, however, that man 
has but an imperfect shoulder-girdle compared with what is 
possible, for in some animals this part joins the sternum by 
great coracoids, to which pre-coracoid bones arc appended, as 
in Echidna; and in others, as Raia^ it abuts against the neural 
axial canal, thus becoming a really complete shoulder-girdle. 

The humerus we have found to be a bone constantly single 
in all Vertebrates above Fishes— at the least. But the relations 
of size of its tuberosities may be reversed, and the so-called 
lesser, i»e, the ulnar tuberosity, may be the larger one. 

The elbow-joint is directed backwards ; but when the 
rudimentary limb first appears, the arm is so placed that 
the joinf would be directed outwards. Later, the elbow be- 
comes rotated backwards. 

When this rotation is efifecled the palm of the hand would 
be directed forwards {i.e. prc-axially), but that by the move- 
ment of pronation it becomes directed backwards {i.e. post- 
axially) or downwards— as when we rest the palm of the hand 
on a table. 

19. In the primitive, embryonic position, the back of the 
humerus, the olecranon, and the back (or as it is called, from 
its muscular relations,* the extensor surface) of the hand arc 
* See Lesson VI 11. 
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all directed outwards, the thumb being turned forwards (pre> 
axially), and the little finger of course at the opposite side of 
the hand. The arm being placed in this position, and a line 
dfawn from the limb root to the* tip of the middle finger, 
all that IS m front (man being supposed to be in the hori- 
zontal attitude of a quadruped) of such a line is called 
pre-axial^ all that is behind it post-axial^ directions corre- 
sponding with those already indicated by the same term 
with regard to the backbone. 

20. The skeleton of the fore-arm and hand is divisible into 
a tri- and a bi-digital series, placed side by side. 

Thus there is, first, the radius ; the scaphoides and lunare ; 
the trapezium, the trapezoides, and the magnum ; the first, 
second, and third metacarpals ; and the annexed digits — 
forming the tri-digital series. 

We have, secondly, the ulna ; the cuneiforme ; the fourth 
and fifth metacarpals ; and the corresponding digits — form- 
ing the bi-digital senes. 

Such being some of the leading points in the skeletal struc- 
ture of the pectoral or thoracic limbs, what now are the 
resemblahccs to them exhibited by the pelvic limbs, and 
w^hat the differences? 

21. The pelvic limbs in man are suspended, as we have 
sc'en, from a complete bony girdle firmly attached to the 
backbone on the dorsal aspect, its two sides meeting together 
uninterruptedly (at the pubic s>mphysis) on the ventral aspect. 



Fig. T99 — Transverse Section of the Pelvic Keglon of Man showing the relation 
borne by the appendicular skeleton (ossa innomuiata) to the axial skeleton . 
the latter is represented by the black parts of the figure • 

«, neural canal ; i, neural spine ; ac^ abdominal ca\ ity ; /, pubis ; sy, symphysis 
of the pubes; ilium, yi head of the femur. 

Here, then, we have a great difference between the hmb- 
girdles. This however disappears when man’s pelvic girdle is 
compared with the pectoral girdle of the Ray (A\ clavata), 
which is similar to the human pelvis in its relations to the 
axial system ; while in most Fishes the pelvic girdle is com- 
plete below only, but not at all above, thus resembling the 
pectoral girdle of man. 

Instead of a union on the ventral aspect by the intervention 
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of one bone only, as in the pectoral arch, we have the con- 
currence of two (the pubis and ischium), separated from each 
other by an interspace — the obturator foramen. 

We have seen, however, that both a coracoid and a pre- 
coracoid may exist on the ventral aspect of the pectoral girdle, 
so that this difference also disappears on a more extended 
survey. Such a survey nevertheless reveals some other differ- 
ences, as nothing in the pectoral girdle clearly corresponds 
with the marsupial bones, large ilio-pectincal processes, and 
os cloaca), all of these being parts which are occasionally 
developed in the pelvic girdle of different animals. 

The femur is constantly a single bone in all Vertebrates. 
In man it differs from the humerus in that the radial (or 
pre-axial) tuberosity is the larger of the two, while in the femur 
the tibial (or pre-axial) trochanter is the smaller of the two. 
But this difference disappears when we extend our view, as 
the relative size of the trochanters vanes in different forms, 
as is the case with the tuberosities. 

22. The knee-joint is directed forwards, and thus markedly 
differs from the elbow-joint When, however, the rudi- 
mentary pelvic limb first appears, the leg is so placed that 
the knee-joint is directed outioards^ thus agreeing with the 
primitive position of the thoracic limbs. Later, the knee 
becomes rotated forwards. 

In this latter position there is no necessity for any pronation 
of the leg-bones to enable the sole of the foot to be applied to 
the ground, and the absence of this necessity constitutes a 
difference bctw'ecn the arm and the leg. We have seen, how- 
ever, that a sort of rudimentary pro- and siipi-nation becomes 
possible in some Marsupials ; and in some other animals (as 
the Flying Lemur, and especially the Tortoises) the position 
of both the pectoral and pelvic limbs is similar— through 
the elbow, knee, and the extensor surfaces being all directed 
outwards# in both limbs. 

In Bats the thigh is turned backwards, so that the knee 
bends backwards like an elbow ; and here, were it necessary 
to apply the sole to the ground with the digits forwards, a 
pronation of the Icg-boncs would be required. 

23. The skeleton of the leg, like that of the arm, is divisible 
into a tri- and bi-digital series, placed side by side. 

Thus there is, first, the tibia ; the astragalus and naviculare ; 
the three cuneiform bones ; the first, second, and third meta- 
tarsals ; and the corresponding digUs—forming the tri-digital 
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We have, secondly, the fibula ; the calcaneum ; the cuboid ; 
the fourth and fifth metatarsals ; and the annexed digits — 
forming the bi-digital series. 

C4. In man, however, the ulna takes part in the limb joint, 
while the fibula does not. As we have found, however, this 
difference may disappear, for in some animals the fibula does 
articulate with the femur. 

Again, in man the ulna has a large proximal process — the 
olecranon— while his fibula has nothing of the kind. An 
olecranon-like fibular structure may, however, be developed, 
as we have seen, in the Ornithorhynchus. 

In man and in most animals there is a patella in the leg, 
but no analogous ossicle at the cibow-joint. Sometimes, how- ‘ 
ever (as in the Wombat), there is a distinct ossicle above the 
olecranon on the extensor side of the elbow-joint. 

25. Again, the leg in man does not articulate with the tarsus 
in the same manner as the arm does with the carpus— the 
ulna, unlike the fibula, not entering directly into such union. 
Hut the ulna may articulate with the carpus directly, even in 
man’s own order. 

The scaphoides and lunare are often together represented 
by a single bone which seems to answer to the astragalus, 
especially since the latter may be represented by two bones, 
as in the Salamander. 

The os calcis is furnished with a great tuberosity of which 
there is no representative in the carpus, but then this pro- 
cess is not constant, as it is entirely wanting in Lizards. 

The navnculare seems to have no representative in the 
human carpus, but even in most Apes there is an extra carpal 
—the os intermedium, or cenirale. 

The cuboides and unciformc of man may each be repre- 
sented by two bones in other animals, so that their cor-^ 
respondence in unity is confirmed by a correspondence in 
duplicity. 

The trapezium of man differs from his ento-cunciforme in 
that it has a saddle-shaped surface for the pollex ; but in 
Lemur the latter bone has a surface of that shape for the 
hallux. 

26. The first digit is opposable in man^s hand, but not in 
man’s foot. 

In Cheiromys and many Marsupials it is opposable in the 
foot, and not in the hand. 

In man the digits of the hand are longer than those of the 
foot, but in Macroscclides those of the foot are the longer. 
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The second digit of the foot never aborts (the other digits 
being well developed), as we have seen to be the case with 
the second digit of the hand in the Potto. 

Certain resemblances occur which might not be expected. 
Thus when, as in 13 irds, the distal part of the tarsus 
anchyloses with the metatarsus, the distal part of the carpus 
also anchyloses with the metacarpus, and this in spite of the 
greatly different use of the parts in the two limbs respectively. 

But the greatest degree of resemblance between the pectoral 
and pelvic limbs is shown in the existing Tortoises, and in 
the extinct Ichthyosauria and Plesiosauria, where we find a 
concomitant shortening of the long limb bones, and multi- 
plication of phalanges. 

Fig 200 — Skkit-ton of Fig 201. — Skelfton of 

PLESlOi>AUKt/S. IcHTHYOSAUkUi), 

Certain discrepancies, however, should be noted. Thus the 
pelvic member is never elongated or concentrated to such 
excess, as is the pectoral member in the Bats and the Moles. 
Again, we may have, as in Chameleons, three pre-axial digits 
opposed to two post' axial ones m the hand, and two pre-axial 
digits opposed to three post-axial ones m the foot. 

Though in rare instances present alone, yet, when both 
are present, the pectoral limbs never show so persistent anti 
considerable an inferiority of development in air-breathing 
animals as do the pelvic limbs in P'ishes. 

On the contrary, there is never a highly developed pelvic 
girdle without a rudiment of a pelvic limb ; but we may, as 
we have seen in Ani^uisy have a well-developed pectoral 
girdle yrithout any rudiment of a pectoral limb. 

Again, we may have (as m Lialis) leg-bones without a 
foot (fig. 168), but we never meet with arm-bones without a 
hand. 

27. It is obvious that the importance of the axial skeleton 
— related as it is to the brain, the spinal marrow, and the 
nerves which pass out from these — is far greater than that of 
the appendicular skeleton. 

Accordingly we have found that the latter may be entirely 
absent (as in the Lamprey, the Ophiomorpha, and many 
Serpents), but that the former is constantly present in man's 
sub-kingdom. 
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The axial skeleton alone may, indeed, as in Serpents, servo 
the purposes of the appendicular skeleton, and become an 
instrument not only for climbing and swimming, but for 
leafping, grasping, and crushing. 

We have found that both categories are always present in 
the two highest classes (Mammals and Birds). In the Ichthy- 
opsida we have seen that the predominance of the axial 
skeleton may in some (as the Lamprey) be at its maximum, 
and yet that in others the appendic- lar one may be greatly 
developed while the axial one is extremely reduced (as in the 
Frogs). 

It is the class of Birds which shows the greatest constancy 
in not only the existence but in the importance both of size 
and function of the appendicular skeleton. In them the 
anterior part of the axial skeleton (/>. the cervical region 
and skull) is often modified by its great length and mobility 
to act as an elongated prehensile limb. This function is also 
performed by the posterior end of the axial skeleton in some 
Reptiles {e.g, the Chameleon), and even m some beasts, of 
man’s own order {eg, the Spider Monkeys), the tails of which 
(as has been before said) are so prehensile as to literally serve 
the purpose of a fifth hand. 
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LESSON VII. 

THE EXTERNAL SKELETON, THE SKJN AND ITS 
APPENDAGES. 

1. The second category of skeletal parts remains to be 
considered, namely, those which together constitute the 
EXTERNAL SKELETON. 

As has been said when the description of the skeleton was 
begun, fibrous tissue pervades the whole of the human frame, 
bounding and supporting all its organs. 

With certain exceptions shortly to be noticed, it is the 
skin (taking this word in its wide sense) alone of all the fibrous 
structures which, in other animals than man, develops tissue 
of a dense and solid nature— horny or bony. 

2. Under the head of external skeleton,^’ or exo-skeldon, 
will be considered the skin and its appendages, that is to 
say, the skin, whether external or internal, together with 
structures developed from or in it. 

Such structures in man are the hair, nails, and teeth, but 
we shall find that many and diverse exo-skeletal parts may 
exist which have no direct counterparts in the human frame. 

3. The SKIN of man invests his body pretty closely. 
Nevertheless the roots of the fingers and toes (especially of 
the three middle toes) are held together by folds of skin, 
and in some cases these folds extend far along, binding the 
digits together, and causing the person so affected to be 
what is called wcb-fingerecl ” or “ web-toed.” Such a con- 
dition is constant with regard to two of the toes in an animal 
so nearly resembling man in structure as the Siamang 
Gibbon, and is familiar to us in Ducks and Geese. 

Extensions of the skin far greater than this may, how- 
ever, take place. Thus, in the so-called “ Flying Squirrels ” 
the skin of the sides, between the arms and the legs, is 
much expanded, serving for a parachute. A skin parachute, 
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supported by the elongated free and movable ribs before 
noticed, is found in the little Lizards called Plying Dragons/' 
and a singular fold round the neck exists in the Frilkd 
Lizard. A pouch beneath the throat and long filamentary 
(merely cutaneous) processes on the back exist in some 
other Lizards, as in adult male 
Iguanas. In the Seals a fold of 
skin connects together the hind 
legs and the tail ; but the maxi- 
mum of skin expansion is found 
in Bats, as we may see in the 
common Bats of this country, Fig. 202. — The Frilled Lizard. 
where not only are the legs and 

tail bound together by a wide fold of skin, but this is continued 
on to and between the extraordinarily elongated fingers, to 
form the relatively enormous wings. 

Folds of skin hang freely in some animals, as e.g. the 
dewlap of cattle ; and peculiar folds are developed in the 
Rhinoceros, the thickness and denseness of the skin render- 
ing such folds necessary to allow of free movement of the 
body and limbs. 

The integument may be much more distensible than in 
man, as is the case especially in those Fishes (e.g. Ihodon) 
which blow themselves out with air and then float belly 
upv\ards. 

4. 'J'hc skin of man, as of all other Vertebrates, consists 
of two LAYERS : an external layer, devoid of nerves and 
blood-vessels (and consequently of feeling), and a deeper 
layer, supplied with both, and highly sensitive. The external 
layer is termed the epidermis,' the deeper layer is called the 
dermis. At the lips the external layer visibly changes in 
texture, and inside the lips and mouth it becomes soft and 
moist, and is termed mucous^ mcmh'aiu\ This, however, is 
a mere modified continuation of the external skin, •and it 
lines the whole of the internal passages w’hich communicate 
with the exterior. The superficial layer of the skin so 
reflected inwards is termed epiiheliitm,^ which is thus but 
a modified epidermis, and the common term ecteron^ is 
applied to both structures, as the name enderons is ap- 
plied to the' deeper or dermal layer {i.e. the dermis) where- 
ever situate. 



* From iiri anH <^epMa, sjcin. 

3 From fwi rtud to grow. 


“ From fivisoi, any shmy substance. 
* From tK, o-i of, and dtpoi,, skin. 
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The minute structure and more important characters of 
the dermis, epidermis, and epithelium have been described 
in the First and Twelfth Lessons of “ Elementary Physiology.’* 

5. As the skin (or integumeni) is thus divisible into two 
parts, so also the parts annexed to it are similarly divisible 
according as they have their place of origin in the substance 
of the ecteron or in that of the enderon. 

In the first case they are termed ecteronic, and may be 
called epidermal or epithelial structures according as they 
arise in the external surface of the body or in the internal 
passages. In the second case they are called enderonic or 
dermal structures. 

Thus our hair and nails are epidermal parts of the exo- 
skeleton, because they are modifications of the external layer 
of the skin. 

On the contrary, our teeth are dermal structures, because 
they are developed from the deeper layer or enderon. 

We will consider now more carefully the skin itself before 
proceeding to treat of its APPENDAGES. 

6. In the soft nature of his skin man agrees with the great 
majority of warm-blooded Vertebrates (/>. of Beasts and 
Birds), though exceptions are to be met with even in his own 
class. 

On the other hand, though the vast majority of cold- 
blooded Vertebrates {eg. Reptiles and Fishes) have in one or 
both layers of the skin solid and dense structures, yet almost 
all Batrachians (Frogs, Toads, and Efts) agree with man in 
having an entirely soft and flexible integument. 

In order to estimate the condition which man presents, 
it will be well to consider what the examination of other 
creatures shows us to be amongst the possibilities of skin- 
structure. 

7. First with regard to the epidermis. This, as we know, 
is shcd^in man in minute fragments constantly removed by 
friction and ablution, apd constantly replaced. Only under 
abnormal conditions and after certain diseases does it come 
away in large and continuous patches. 

The case is very different in some of the lower animals. 
Thus the Snakes cast off the entire epidermal investment of 
the body — even that of the eyes— at once, and this process is 
repeated at intervals. 

The little Efts, so common in our pools, also shed the 
OTtire epidermis at once. Separating first at the lips, the skin 
is pushed back over the head by the action of the fore-limbs ; 
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the arms are then- drawn out — completely inverting the ecte- 
ronic investment of each separate finger. It is then pushed 
back over the loins, and the legs are withdrawn, and also the 
feet, and toes, the skin being inverted just as a glove is turned 
inside out. Finally the tail is pulled out, and then the whole 
structure being rolled up in a mass is swallowed at a gulp. 
It is easy, with a little patience, to shake out one of these 
skin-casts in water, so as to produce a complete and as it 
were shadowy image of the little creature that bore it. 

The epidermis is never converted into bone, but is often 
thickened and converted into horn, an approach to which 
we may see in man in the labourer’s hand, in the sole of the 
foot, and in those unwelcome deposits on the toes — corns. 
“ Horn,” indeed, is but a thickened form of the very same 
material as that of which the minute particles we shed from 
the outer surface of our skin is made, and which yield the 
substance “ gelatine ” when boiled. Certain local thickenings 



Fig. 203 —Dorsal Sl’rf^cf the Carapace of a Fresh-water 
J'oi T »isb \Emys), 

1—8, expanded neural spines , r* - r^, expanded ribs ; first median (or nuchal) 
plate ; /y, last median (or pygal) plate ; w, marginal scutes I'he dark lines 
indicate the limits of the plates of the homy epidermal tortoise-shell ; the thin 
sutures indicate the lines of junction of the bony scutes. 

may exist in animals, not abnormal like those above referred 
to in man, but constant in each species. Such thickenings 
are termed callosities, and may exist on the inner side of 
the legs, as in the Horse, or on the breast, as in the Camel, 
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or be so placed as to resist the friction produced by sitting on 
rough branches, as in the commoner Monkeys of Africa and 
India. 

A familiar and very valuable modification of the epideripic 
skeleton is known to us under the name of “ tortoise-shell, ’ 



Fig. 204 —Ventral Surface of the Pia‘?tkon of a Fresm-watbk 
Tortoise 

The bony scutes are nine in number tc, inter-tlavicular scute : f, clavicular 
scute; hy, hyo-sternal scute , hp hypo-.strrnal scute , 4/, Mphi-sternal scute. 
The horny epidermal scale.s are tweKe in number, as indicated by the dark lines , 
one such traverses each xiphi-sterual and hypo-sierual near its middle. 

which coats externally the rigid and solid bony armour of a 
certain kind of Turtle. An essentially similar though com- 
mercially valueless structure also invests the armour of almost 
all kinds of Tortoises and Turtles, and consists of plates 
disposed in regular series upon the back and on the belly. 

8 . The true dermis often becomes ossified, constituting an 
exo skehiton of the most unequivocal kind. 

An example of such a condition is 
to be found even in man’s own class, 
Mammalia, namely, in the Arma- 
dillos. These creatures possess a very 
complete armour, formed of small, 
many-sided, bony plates (termed 
scutes)^ with their margins adjusted 
together, aggregated in masses differently in different kinds* 
There is generally one mass, or shield, on the head, one 
on the shoulders, one on the loins, with narrow bands 



Fig 205 — Armadillo. 


VII.] 


Tim EXTERNAL SKELETON 


241 


scutes (to facilitate motion) interposed in the mid-body 
region. In one form, however {Chlamydophorus)^ bony scutes 
are confined to the hinder region of the body, where, as 
has-been before mentioned, they coalesce with the pelvis. 
In an extinct creature of the Armadillo kind (the Glyptodon) 
the armour was even more complete, as there were no move- 
able bands, but the body was invested, from the neck to the 
root of the tail, with one solid case or carapace. 

In the Armadillos a horny epidermal skeleton is so ad- 
justed to the bony case that the former is divisible into 
small plates or scales corresponding with the several bony 
scutes. 


A similar co-ordinate development of epidermal scales and 
dermal scutes is found in some Reptiles, as in certain Lizards 
{Cyclodus)^ where the whole body is so doubly invested and 
protected, as it is also in the back of the Crocodile. 

A solid investment of osseous plates may exist in Fishes, as 
in the bony Pike Lepidosteiis and in Polypterus, but these 
plates will be spoken of under the 
head of dermal appendages, when 
fishes’ scales are under consideration. 

Certain Frogs (e.g. Ephippifer and ^06 -Polvi.tfr,.s 

Ceratophrys) develop some dorsal en- 
deronic bony plates, which become. 

connected .with the underlying backbone, presenting an 
appearance which reminds us of that extraordinary develop- 
ment of the skeleton which we find in Tortoises. 

As in the Armadillos we find bony scutes of the exo- 
skeleton underlying horny epidermal scales, so we find 
beneath the tortoise-shell of Chelonians such endo-skeletal 


scutes together with large bony plates of the endo-skeleton ; 
only, instead of the bony and horny structures being con- 
formable one to the other as in the Armadillos, neither the 
number nor the outline of the bony plates of Clf^loniantv 
corresponds with the number or outline of their superincum- 
bent horny scales (Figs. 204 and 207). 

Moreover in Chelonians, as noticed in describing the axial 
skeleton, the median plates of the dorsal shield (or carapace) 
form one with parts of the backbone, and the lateral plates 
form one with the subjacent ribs. Besides these dorsal plates, 
larger ventral scutes cover the under surface of the body, 
forming what is called the plastron; and in the Box-Tortoises 

g ^e ends of this plastron are movable and (the head and limbs 
eing drawn in) can be applied to the ends of the carapace, 


R 
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so that the whole creature becomes enclosed at will within 
its dense and strong exo-skeleton. 



Fk; 207.— Dorsal Surface of the Carapace of a Frbsh-water Tortoise 
{Emyt) 

1—8, expanded neural spines :>**— r®, expanded ribs ; «*/, first median (or nuchal) 
plate , /y, last median (or pygal) plate ; m, marginal scutes. The dark lines 
indicate the limits of the plates of the homy epidermal tortoise-shell , the thin 
sutures indicate the lines of junction of the bony scutes. 

9. In the fact that the surface of the body has a soft in- 
vestment which is but very partially provided even with hair, 


n9 



Fig 208 —Diagram of a Vertical Section of both Carapace and 
Plastron of a Tortoise, made transversely to the long axis of 

THE SKELETON. 

<r, vertebral centrum ; ns, neural spine which expands Rbove into a median dorsal 
scute : r, rib which forms one mass with a lateral scute and terminates at a 
marginal plate ; ic^ inter-clavicular scute ; ky^ hyo-sternal scute. 

man occupies a most exceptional position amongst Mammals4 
Indeed, a copious supply of hair or feathers or scales is a 
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general characteristic of Vertebrates ; and even such aquatic 
beasts as are destitute of hair (the Whales and Porpoises) 
are yet endowed with a fatty layer beneath the skin which is 
wanting in us. In Batrachians, however, we find a naked- 
ness of skin greater even than in man. * 

In that man is provided with hairy epidermal appendages 
he agrees with all the members of his class except the 
Whales and Porpoises ; but in the small amount and the 
distribution of the hairy investment he stands alone. In 
the forms nearest to him in structure, the Apes, hair is 
always abundant on the back, though sometimes more or 
less deficient on the ventral surface — the very reverse con- 
dition to that of man, in whom the back is always naked. 

Long hair on the head, as also whiskers and beard, are 
characters variable in man and not peculiar to him, as some 
Apes (c.g. Piihccia Satanas) have a luxuriant beard. 

The structure of hair, and how it is formed in a small bag 
(the hair sac) by the deposition of horny matter upon a little 
prominence (or papilla) of the dermis, which prominence rises 
from the bottom of the bag, have been described at length in 
the Twelfth Lesson of Elementary Physiology.” 

The difference in structure between the hairs of the differ- 
ent parts of the body (as the beard, eyelashes,^ eyebrows, &c.) 
in man is but trifling. The contrast between the mane and 
tail of a Horse and the rest of his coat is far greater ; as also 
between the long whiskers or feelers of many animals (as the 
Cat) and the rest of their fur. But the maximum of develop- 
ment (as it exists in man^s own class) is shown in such 
creatures as the Hedgehog and the Porcupine, where hairs 
become dense and solid spines. 

lo. Such structures as hairs are peculiar to warm-blooded 
Vertebrates, but the warmest blooded class (that is. Birds) pre- 



Fig. 209 — Diagram of a Feather Papilla, seen on two opposite sides. 

X. — Side on which is placed the deep groove in which the “shaft** is deposited 
and from which the secondary grooves diverge at right angles to it. 
a.— The opposite side, showing the median tract where the encircling grooves 
vanish. 


sents a peculiar kind of greatly enlarged and complex hair — 
called FEATHERS — found nowhere else in the animal kingdom. 

R 2 
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A feather is formed by means of the |)eculiar structure of 
the dermal papilla which gives rise to' it. That papilla 
(instead of being smooth, like the papilla ©f a hair) has on 
one side a deep vertical groove, broadesbat the base, and 
vanishing towards the f*pex of the papilla. . Other less deep 
grooves go from each side of this vertical groove at right 
angles to it, and at very short distanc^ from ohe another. 
They extend all but round the papilla, vanishing at the 
middle of the opposite side to that which bears the vertical 
groove. Grooves smaller still and much shorter are given 
off again at right angles to the second set of grooves, parallel 
therefore as far as they go to the main and vertical groove. 

Now, as horny matter is deposited on the papilla, it be- 
comes thickest where the grooves are deepest, and of course 
thinnest where there are no grooves at all, Le, in the inter- 
spaces of the grooves. With the progress of growth, this 
whole horny investment splits up along these interspaces 
of thinnest deposit. The part which was in the main ver- 
tical groove is thickest of all, and becomes the shaft of the 
feather, the parts in the secondary grooves become the 
“ bai bs,” and the still smaller portions at right angles to the 
latter the “ barbules.” When these last arc long and hang 
freely, they form the sort of structure we see in an ostrich 
feather. Occasionally, as in the Cassowary, a feather will 
have two shafts ; this is due to the papilla having borne a 
vertical groove on each side. 

II. The only form of epidermal appendage, besides hair, 
which is found in man is the NAIL. 

The structure of this organ is also explained in the Twelfth 
Lesson of “ Elementary Physiology.” It is not formed in a 


h 



Fig. 210 —Transverse Section of a Nail 

n, small lateral folds of the integument : nail ; r, bed of the nail, with its 

ndges. 


bag (like a hair is), but only in a fold of skin (the root of the 
nail), where horny matter is deposited upon a number of 
minute, parallel, raised ridges of the deep layer — or dermis. 
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The human nails differ in shape from those^ of almost every 
other anirakl^ in that they so little tend to surround or enclose 
the ends of eith^' the ffngers or toes. 

Xhe nail at maximum of development quite surrounds 
and encloses the* last joint of the digit which bears it, and is 
then called a hoof, .as we may see in the Horse or Ox. 

It may be produ^d into a sharp point, when it is called a 
claw, as in the familiar case of the Cat, and in Birds, 

The nails may, on the other hand, be. much reduced in 
size, and not nearly extend to the end of the digits which 
support them; as in the Sea Bear. They may be altogether 
wanting in man’s own class, as in the Porpoise, or obtain a 
prodigious relative size, so that the body can be suspended 
by them, in progression, as in the Sloth. The little Bats of 




Fig 211.— SioTH. 


Fig. 2I2.~Hkad op Maie of 
Owen's Chamei eon. 


our own country hang, indeed, by hook-like claws when at 
rest ; either by the claws of the toes or the two thumb-claws. 

The nail of one digit may differ in form from all the others, 
as in that of the second toe of Lemurs and of the Hyrax. 

The nail makes its appearance in its greatest simplicity in 
certain Toads and one of the Efts, where it is merely a slight 
thickening of the epidermis at the ends of the digits. 

12. Ecteronic appendages not found in man make their 
appearance in other animals. Thus, m the Rliinoceios we 
meet with a horn (or even two — one in front of the other), 
entirely destitute of a bony core, and growing lik» a great 
blunt nail from the dorsum of the muzzle, long dermal papilla* 
extending into it and answering to the dermal ridges beneath 
the human nail. 

No less than three long horns are developed in Owen’s 
Chameleon — one from the nose, and a symmetrical pair from 
the front of the head. 

Other horns which do possess bony cores are developed 
from the head in pairs in the so-called hollow-horned Rumi- 
nants, i.c. the Oxen, Antelopes, Goats, and Sheep ; and only 
in one anomalous form, the Prongbock {AntilocaprcC)^ are 
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these horny structures shed at intervals ; in the rest they 
persist throughout life. Normally there is never more than 
one pair amongst existing Ruminants, with the exception of 
Antelope quttdricornis^ which has two pairs. Such horns 
may be straight, or curved, or spirally twisted, but they are 
never branched, with the single exception of the Prong- 
horned Antelope. 



Fig 213 .--The pANGOtiN 


Less familiar, but not really more remarkable, is the struc- 
ture developed in the scaly Mams or Pangolin. 

Here the entire body is covered and protected by strong, 
sharp-edged, overlapping horny plates, each of which is 
comparable with a nail. 



Fig. 214.— Tail of Rattlesnake. 


The overlapping scales of Serpents are horny investments 
of processes of the dermis, but the scales of Fishes are of 
different nature, being formed in the dermis itself. 
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Curiously modified thickenings of the epidermis, which 
take the form of rings, may surround the ends of the tail, as 
in the Rattlesnake. These being loosely attached, produce a 
singular sound, a sort of hissing ” rattlfe, when the tail is 
vibrated by the excited animal. 

NaiMikc structures may also be developed from the side of 
the hand, as in certain Birds (e.g. Pala 7 nedea\ and in one of 
the lowest members of man^s own class (the Duck-billed 
Platypus) a hollow horny spur grows 
upon each ankle. 

The epidermis of the outside of 
the muzzle and jaws may also be 
converted into horn, as in the beak pjq 21$. — Ornithorhvnchus, 
of Birds and in that of the Turtle. or Duck-billed Plaivpus. 
As a remarkable exception, the same 

thing may take place in man’s owm class : this we see by the 
Duck-billed Platypus, which really has a horny beak very like 
that of a duck. 

13. These being the principal modifications which investiga- 
tion shows us to be possible with regard to the epidermis and 
Its appendages, yet other peculiarities may be present in parts 
belonging to the other ecteronic division, the epithelium. 

To begin with the mouth, its epithelial lining investing the 
gums becomes greatly thickened and hardened in persons 
wlio have lost their teeth, and who are so unfortunate, or so 
unwise, as to have failed to replace them by artificial ones. 

In certain beasts, as the Cow and the Sheep, the front part 
of the upper jaw is always devoid of teeth, and a horny epi- 
thelial pad is formed there against which the teeth of the 
front of the lower jaw bite. 

A much more developed structure, though essentially simi- 
lar, is met with in the Dugong — a creature superficially like a 
Porpoise, but really very different. In this creature the front 
of each jaw is furnished with a dense horny plate^ formed 
(like the horn of the Rhinoceros) of a deposit of horny 
matter around long processes of the deeper skin layer — the 
dermis. Horny substances in the place of teeth are also 
developed inside the mouth of the Duck-billed Platypus, 
and there are horny teeth in the mouth of the Lamprey. 

The maximum of development of this kind of structure is, 
however, found in the Whalebone Whales. 

The upper jaw in these creatures is furnished with very nu- 
merous horny plates (termed baleeti)^ which hang down from 
the palate along each side of the mouth. They thus form 
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two longitvdinal series, each plate of which is placed trans- 
versely to the long axis of the body, and all are, very close 
together. On depressing the lower lip the free outer edges 
of these plates come into view. Their inner edges are pro- 
\ided with numerous coarse, hair-like procebscs, consisting 



Fig 2i 6 — Moi th of a Whai f 


of some*of the constituent fibres of the horny plates —which, 
as it were, fray out, and the mouth is thus lined, except below, 
with a network of countless fibres formed by the inner edges 
of the two series of plates. This network acts as a sort of 
sieve. When the whale feeds, it takes into its mouth a great 
gulp of water, and drives it out again through the intervals 
of the horny plates ; the fluid thus traverses the sieve of 
horny fibres, which retain the minute creatures on which 
these marine monsters subsist. 

In man a few hairs grow within the nostril. In the Rabbit 
hairs grow on the inside of the cheek. 
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The epithelial lining of the stomach may take on a dense 
horny structure, as in the gizzards of Birds, but this will be 
again noticed under the head of Alimentary Organs. 

14. We come now to enderonic 

appendages. As has been said, that tv 

part of the dermis which underlies ^HTinrirffT 

the epidermis is devoid of hard | 1 I 

structures in man, who possesses | | 

them in the sub-epithelial enderon 11 11 H 11 1 1| 

only. Such structures are the 
TEETH. Each tooth consists of a 
“crown,” which is visible, and of a 
“fang” or “ fangs,” which are buried 
in the gum. 

15. The mode of formation of the 
teeth has been described in the 
Twelfth Lesson of ^M^hysiology 
how the teeth first arise as little 
processes (or papillcc) of the dermis, 
which appear at the bottom of a 
groove running along each side 
of the jaw ; how the walls of the 
groove grow together, between and 
over each of the papilla?, and thus 
enclose the papil ae in what are 
called the dental sacs. 

Each such sac is a pouch of the 
dermis, enclosing a “pinched off” 
bit of the epidermis. 

The papilla, assuming the form of 
the future tooth, becomes hardened 
by a deposit within it of calcareous 
salts, the central part of the papilla 
remaining soft (as the pulp) but 
diminishing with the growth of the 
tooth, till, when the tooth is full 
grown, there is but a minute aper- Fig 217— Foitr Plaiesof 
ture at the bottom of each root • oi.liquelv 

^ ^ j ^ FROM WITJUN. 

to give entrance to very delicate 
vessels and nerves. 

16. The STFUCTTRE of each tooth, how it consists of three 
substances, “ dentine, enamel, and cement and the nature of 
each of these, have also been described in the Elementary 
Physiology,” 
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Dentine forms the bulk of the tooth ; the dense enamel 
coats the crown ; the cement invests the fang. 

The dentine is traversed by exceedingly minute tubes 
which radiate into it from the pulp cavity. The enam^ is 
the hardest structure* in the human body, and almost en- 
tirely a mineral, containing but two per cent, of animal 
substance. It is made up of minute fibres, with their ends 
applied to the surface of the dentine of the tooth. The ce- 
ment is more like bone ; it may take a much greater share 
in the formation of the tooth than is assigned to it in the 
teeth of man. 



Fig. 2i8 —A, vertical, B, horizontal Section of a Tooth. 

/», enamel of the crown ; pulp cavity , r, cement of the f.ings , </, dentine. 

Magnified about three diametcrN. 

17. Ns all know, teeth arc cut. The meaning of this is 
that, as the tooth develops, it rises out of its sac, the parts 
superficial to its apex being absorbed. As its crown rises 
its fang is developed. 

The teeth appear successively in two sets. First the milk- 
teeth come into place, and afterwards the second or permanent 
set of teeth. 

Each permanent tooth is formed in a little sac, which 
at first is but a prolongation of the sac of that milk-tooth 
which it is destined to succeed. 

The development of the second tooth is accompanied by 


vil] 
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absorption of the fang of its predecessor. Replacement is 
not the effect of mechanical pressure, but the two actions 
(development and absorption) proceed harmoniously, the now 
fai\gless milk-tooth easily falling out when its successor is 
ready to take its place, unless through some abnormality 
of growth the aid of the dentist has become necessary. 

Before mentioning the order of succession, the teeth them- 
selves must be shortly described. 

18. The TEETH ot; man, when adult, should be thirty-two 
in number. 

As the two sides of each jaw are alike, it will be suffi- 
cient to notice the eight teeth above and eight below of 
each side. 

The fangs or roots of all teeth are firmly fitted into corre- 
spondingly shaped cavities in the bones of the jaws, which 
cavities are termed alveoh^ and 
this mode of union of parts (like a 
nail driven into any substance) is 
termed gompkosis,^ 

The ftont tooth of each lateral 
half of the upper jaw has a chisel- 
shaped crown with a horizontal 
cutting edge. It has a single, long, 
tapering fang. 

The second tooth is like the first, ,.5_u,.prR and i,owrr 
and these two, on account of their Teeth of left side of an 
cutting shape, are called incisors ; adult Man. 

but we shall see that there is another »ncisors c, canine*; ; pm, pre- 
reason why they belong to a special niolars ; m, molars, 
category. 

The third tooth above is more pointed, more conical, and 
has a longer though still single fang. It is called the eye- 
tooth, or canine. 

The fourth tooth above has a flatter and broader (from 
within outwards) crown, and bears two pointed tubercles (or 
cusps), one internal, the other external. Its fang is flattened 
and vertically grooved, showing a tendency to division, while 
at its end it is in general actually divided and has two 
apertures, one in each division. 

The fifth upper tooth is like that last described, and the 
tw^o, from the number of their tubercles, are called bicuspid^ 
and from their more flattened crowns (better adapted for 
grinding) they are also called molars. The fifth differs from 
* From n nail, 
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the fourth, however, in having its fang often cleft for a con- 
siderable distance from its end. 

The sixth upper tooth is the largest of the whole series. 
It has a flattened grinding surface, with four cusps, andean 
oblique ridge connecting the front inner cusp with the hind 
outer one. The fangs are three in number, two being placed 
on the outer side, and one on the inner. 

The seventh upper tooth is quite like the sixth. 

The eighth upper (or wisdom) tooth is less large, though 
essentially similar. The two inner cusps of its crown are 
blended together, and its fangs are generally united into a 
single, irregular, conical mass. 

The three teeth last described are all termed (for a reason 
which will shortly appear 'i true molars. In the lower jaw 
the first two teeth are simihar in shape to the first two teeth 
of the upper jaw, whence they are also called incisors. 
They have also each a single fang. 

The third lower tooth is pointed and conical, and has 
a single root like the third tooth of the upper jaw. It there- 
fore bears a similar name, and the lower canine should have 
Its apex within and slightly in front of the crown of the upper 
canine. 

The fourth and fifth teeth of the lower jaw are called bi- 
cuspid molars, like the fourth and fifth teeth of the upper 
one. Sometimes, however, the fourth has only a single 
cusp, and it is more canine-likc than the one answering to 
it above. 

The sixth and seventh teeth of the lower jaw are called 
true molars. Flach bears five cusps, three on the outer side 
of each crown and two on the inner. The fangs are two to 
each, but each fang is vertically grooved. 

The eighth lower tooth, or lower wisdom tooth, is also a 
“true molar,” but differs from the iw^o last described in 
having, generally, its fangs blended together, and in having 
Its crown smaller than the others and more rounded. 

The human milk-teeth are twenty in number : two inci- 
sors, one canine, and two molars, on each side of each jaw. 

They resemble the permanent teeth, but the last molar, 
both above and below, does not resemble the fifth tooth of 
the permanent dentition (and which is its vertical successor), 
but it resembles the first true molar in each case, though it 
has nothing to do wuth the formation of this tooth, of which 
it is, as it were, the prototype. 

The details of the succession of the teeth belong rather to 
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Physiology, but it should here be noted that not only do the 
permanent canine teeth come into place before the wisdom 
teeth, but also even before the second molar. Moreover, the 
last milk molar is shed before the epiphyses of the long bones 
are united to their shafts, and before the bones of the limb 
girdles have coalesced. 

All the teeth of the permanent set are thus provided with 
temporary or deciduous predecessors, except the last three 
molars of each jaw. It is on account of this absence of 
vertical predecessors that the three hindmost teeth on each 
side of each jaw are called “ true molars.” In extending our 
view to other animals we shall sec that true molars must be 
defined to be “teeth situated behind the hindmost tooth 
having a vertical predecessor.” 

19. The upper incisors are implanted in what we have seen 
to be a distinct bone (the premaxilla) from that in which the 
other teeth of man’s upper jaw are implanted, while the 
canine is the foremost tooth implanted in the true maxillary 
bone. In surveying these parts in other animals we shall 
see that the definition of an upper incisor is “a tooth ini' 
planted in the premaxilla ; ” of an upper canine, “ the fore- 
most tooth of the maxilla, provided it be not at a considerable 
distance from the anterior end of that bone.” The lower 
canine must be defined as “the tooth which bites in front 
of the upper canine,” and the lower incisors as “teeth placed 
in front of or on a line with the lower canine, or, if this is 
absent, teeth corresponding with the upper incisors.” 

The bicuspid molars of man (not having always two 
cusps in other animals) are, in zootomy, termed preDiolars^ 
because they are placed in front of the true molars. An 
extended view reveals facts which compel us to give to 
premolars generally the following somewhat cumbrous defi- 
nition : “ teeth behind the place of the canines and in front 
of the true molars, or, if the latter arc absent, tcetfl behind 
the place of the canines and having vertical predecessors, or 
in front of molar teeth which have such predecessors.” 

20. Such being the dentition (/>. tooth-furniture) of man, it 
may be conveniently expressed by the following SYMBOLS : — 

If, C P M M for the permanent dentition. I f 
means “ two incisors, above and below, on each side of the 
jaws ;” C I means similarly one canine in each case ; P M | 
means “ two premolars on each side of each jaw ; and M | 
means “three true molars, both aliove and below, on each 
side.” Similarly the symbols D 1 1 , D C -J, D M for the 
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milk dentition, refer in the same manner to the deciduous 
incisors, canines, and molars respectively. 

It need hardly be added that each tooth attains its full 
development within a limited time, after which it grow^ no 
more, and (with very rare exceptions) no third development 
ever replaces the fall of a tooth of the permanent dentition. 

An acquaintance with human structure only, would give 
the student very little idea of the possibilities of development 
in the matter of teeth.” 

As to SITUATION, implantation, number, form, and use, and 
also as to succession and structure, the greatest diversities 


are to be found. 

21. Man agrees with the whole of his class in that he is 
only furnished with teeth upon the margins of the jaws. 
Some members of his class, however, are as completely 
toothless as are Birds — e.^. the Echid- 
A na, Pangolins, and Ant-eaters. 

In Reptiles we first become ac- 
quainted with the fact that true teeth 
may be developed not only from the 
margins of the jaws, but also from the 
palate, as we find to be the case in 
^ the Iguana and in Serpents, some of 

Fig 220 -Ant-eater. ff, - 


be explained, present very remarkable 
peculiarities. When we descend to the Batrachians we some- 



Fig. 22 t.— O pen Mouth of the American Eft Plkthodon, 

Showing the numerous para -sphenoidal teeth at the etetreme back of the roof of 
the mouth, together with a row of palatine teeth placed behind each posterior 
nasal opening in the anterior part of the palate. 

times find teeth in two series not only in the upper jaw, but 
also two series in the lower (as in Proteus and Meno^ 
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branchus)^ and even (as in Plethodon) teeth upon the under 
surface of the back part of the skull 
Fishes teach us that teeth may be developed in yet other 
situations, for in some of those animals {e.g, the Salmon and, 
Odontoglossum), there are teeth upon the tongue ; and in 
most Fishes teeth are developed at the extreme back of the 
mouth, on the bones of those arches {branchial arches) 
which represent permanently what have been spoken of in 
the First Lesson as the transitory posterior visceral arches of 
the early stages of human development. The branchial 
arches of Fishes which support the gills, and are placed on 
each side beneath the back of the head, sometimes (as in 
the Perch), develop tooth-like bodies on their inner surfaces, 
and the hinder of these lateral arches terminate (Fig. 114) 
in bones called pharyngeal,' which most frequently support 
teeth (sometimes of very complex structure, as in Scarus), 
termed from their situation pharyngeal teeth. Moreover, 
the exactly reverse conditions to those which obtain in 
man may be met with, as in the Carp and Tench, where the 



Fig. 222.— Pharynx op a Tench opened from below, and the two rows 

OF PHARYNGEAL TEETH DIVARICATED. {A/ter Oivett) 

basi-occipiul tooth ; /A, pharyngeal teeth ; Oy oesophagus. 

margins of the jaws are as free from teeth as is manip throat, 
while the posterior aperture of the mouth is bounded by 
teeth, partly pharyngeal, and in part attached to a prolonga- 
tion downwards of the hindmost bone of the base of the 
skull ! 

We shall see that tooth-like tissue maybe developed in still 
more anomalous situations, but as some of the structures 
referred to cannot be called teeth, and others can only doubt-^ 
fully be so called, notice of them may be postponed, 

22. As to IMPLANTATION, the changes which take place in 

* From being placed in the ** pharynx,” For this see Lesson XI. 
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the process of development of human teeth are interestingly 
illustrated by permanent conditions in other animals. 

Thus we may have, as in Sharks, an open groove along 
each jaw, in which groove dermal papillae appear and undergo 
calcification directly without their becoming enclosed in sacs 
at all. 

We may have, as in the Pike, an enclosure of each papilla 
in a sac, but no development of bone round it, the teeth 
being attached to the jaw by ligament. 

We may have teeth which become anchylosed to the summit 
of the jaw, there being no bony wall (or alveolus) developed 
on either the inner or the outer side of the teeth, as in certain 
Lizards (e.g. Psammosauriis)^ termed Acrodont.* 



Fig. 223 —Side View ok thf Skuli. ok a Lizard { l ^ antnns ), wirii 

ACRODONl TEETH, 

a, articular bone of mandible . c, coronoid bone of mandible ; </, dentary , /, 
frontal ; y, prc-frontal , f‘\ po-.t-frontal , /, Uchrynul , m, mal.ir , wjr, 
maxilla ; «, nasal , o, pro-otic, /, parietal ; pterygoid , // , coluinelU, or 
dismemberment of pterygoid ; //", ox trausvursum ; px^ pre-maxill.i ; quad 
rate bone , ry, squamosal. 


We may find a development of a bony alveolar plate on 
one side (the outer), to which the teeth may become attached 
by actual bony growth (anchylosis), as in. the Iguanian 
Lizards. Such a form of attachment is termed plcurodont^^ 
We may find two alveolar plates of bone, but no transverse 
bony partitions, as in Ichthyosaurus. 

We may find both alveolar plates together with transverse 
partitions forming distinct alveoli, which nevertheless are 
incompletely divided one from another at the hinder part of 
the mouth, as in many of the Dolphin tribe ; and finally, we 

* From sharp and oAoT'c, a tooth, 

From ir\tvput, a side, and o6utq. 
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may meet with alveoli thoroughly complete, like those of 
man, as in most members of his class. 

These complete alveoli, however, may be in some respects 
different from those of man. They are so where teeth grow 



Fig. 224 —Innhk Sidk op Lower Jaw of Plei rodont Lizard, 
.showing the teeth attached to the inner surface of its side. 


from permanent pulps throughout the whole of life — like the 
tusks of the Elephant and the teeth of many other beasts 
the cutting teeth of the Squirrel). In such cases, of 
course, the deeper part of the alveolus is quite wide instead 
of being attenuated as m us. 

23. The NUMBER of teeth in man is interesting as being 
not very far from that which is typical of the great bulk of 
the class to which he belongs. It is identical with that exist- 
ing in the whole of the Apes which inhabit the old world, and 
those of the new world only differ from him by the presence 
of one more pre-molar or by the absence of a molar on each 
side of each jaw% 

In man’s own class the number of teeth developed may be 
very great, as in the Dolphins, where the greatest number 
is reached in Pontoporia. namely 220. 

The large Armadillo {Priodon) may have as many as 
ninety. They may be reduced to two, as in the Narwhal. 

If we pass out of man’s class we may find teeth many or 
few, as in Keptiles ; but amongst Fishes we meet with every 
exticme, from a single pointed tooth on the xooi of the 
mouth, as in Myxine^ or two above and two below' (flat and 
crushing), as in CeratoduSy up to such a multitude that to 
count them would be a task both useless and difficult, as in 
Murcenay the Pike, or Ostcoy^lossum. 

24. The FORM.s presented by the teeth of man agree more 
or less closely with what we find in many members of his 
class, but have no relation, or only the most general and 
distant one, to the teeth of cold-blooded Vertebrates. 

Although the shape of the teeth is nearly the same in all 
men, nevertheless the wisdom teeth of those rac^s which arc 

s 



358 ELEMENTAR Y ANA TOMY [LESS. 

reputed lowest are larger and more equal to the teeth next 
m front of them than is the case with Europeans. 

When we descend to the creatures nearest to man in 
bodily structure (the Apes of the old world), though we find 
the number of teeth identical with that in him, yet a strilcing 
difference is produced by the large size, especially in the 
males, of the canines, which are true tusks for defence or for 
attack. The last molar, or wisdom tooth, is also generally 
larger relatively than in man, and in some forms is consider- 
ably the largest molar of the lower jaw. 

The large size of the canines causes a separation between 
the lower canine and the first lower pre-molar, and between 
the upper canine and the outer incisor, in order to provide 
space for their apices to pass. These interspaces are each 
called a diastema^' and are wanting in man, where the teeth 
are all normally close and contiguous. This contiguity and 
absence of any diastema is a character which man shares 
only with the little Lemur 7ars///f, and with a certain extinct 
hoofed quadruped, the Anoplothenian, 

Most Mammals have teeth of definite kinds — incisors, 
canines, or molars, 'i'his is not the case, however, with all, 
as, for example, the Dolphins have teeth which are all 
nearly alike. 

Hclow the class of Mammals, only rarely in certain Lizards 
the Agamas) do teeth simulate canines with small teeth 
between them in the front of the mouth simulating incisors. 

25. The INCISORS of man are closely resembled by those 
of the Apes, but in some Apes of the new world {Pithccid) 
the lower incisors, instead of being nearly vertical, arc long, 
slender, approximated together, and inclined strongly forwards 


Fig 225-AjrKiNDiNO Si’KhAci' of thf Teeth or thf Right Haifof the 
Lower Jaw ok the Lrmi koiu Murocehuss vhowinjf the rlo'sc ;tpiH)sitJOn 
of the canine to the two elungnied incUors, which are almost horizontal m 
position. 

as well as upwards--a condition still more decided in the 
Lemuroids. The most singular form of the Lemuroid 
group (the Aye-aye — Cheiromy^} has but two incisors above 
and two below. I hesc, however, arc very large, and grow 
from permanent pulps during the whole of life, from deep 

* From to separate. 
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roots just like those of the Squirrel or Rat. Such teeth, 
specially adapted for gnawing, as we so often know to our 
cost as regards the Rat, are denser on the front surface than 
elsewhere, so that the action of gnawing, as it wears away 
more quickly the softer part behind, keeps a constantly sharp 
chisel-shaped edge in front. Animals which have teeth thus 
formed are apt to suffer fatally from the loss of one, as, there 
being then nothing to wear away its natural opponent of the 
opposite jaw, the latter continues to grow and complete that 



Fig. 226. — Side View of 1 he i.i. of k Pouli i inl {llysirtx ensiaia) 
(Typical Rodent Dentition.) 

rt, angle of mandible ; r, occipital condyle ; cr, coronoid process of mandible ; cy. 
condyle of mandible : y, frontal, /, incisor teeth, j, ascending branch of 
maxilla enclosing the enormous infra-orbital fotamcn, the course ol the 
masseter muscle through which is indicated by an arrow , w, molar teeth, 
wj-, maxilla, n, nasal , pm. premolar teeth; pm, paramastoid pioce' 
premaxilla, tympanic bone; s,7ygomatic arch— the part formed by the malar 

circle of which its axis (from root to apex) describes a seg- 
ment. Rabbits and Hares are not unfrequently found dead 
from such accidental deformity. 

A pair of strong but pointed upper incisors are found in 



Fig. 22- —Dpntition op Fig 228 —A Lower Incisor op 

DrsMomis. Oai Roi'iTHFcuh, showing its 

f, incisors ; <r, canines. comb- like lorm. 

the blood-sucking Bat Desmodus, and to these pointed in- 
cisors notched incisors are opposed below. In another Bat 

S 2 
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such notches are more marked, but these attain their maxi- 
mum of development in the lower jaw of the Flying Lemur 
{Galeopithecus)^ where each incisor has the appearance of a 
comb, being notched by parallel notches down to the very 
base of the crown. (Fig. 228). 

Rarely, as in certain Insectivorous Beasts (e.g. Hemt- 
centetes)^ the upper incisor may bear more than one cusp. 



Fi(. 22') - SlOF \ (E\\ OP Sk'i OF Hkmicentetes. 


An excavated incisor of a different kind is familiar to us 
in the Horse, where each incisor has a deep median depres- 
sion, the “mark,” vhich has a form such as would be pro- 
duced by the sudden inflection of the surface of the tooth so 



Fig 23 o.' 3 f-Vp:i< ncAi. Sfc- 
TioN OF A Horse's Iv- 
ClsoR, showing the depth 
of the vertical fold forming 
the “ mark*’ w, 

/, the pulp cavity- 
{A/ter JR ousscaji.) 


as to form a deep pit. This mark ” 
continues to be visible till the tooth 
has worn down by use beyond the 
point to which the inflection extends. 
The dark colour of the “mark” is 
due merely to the accumulation ot 
fragments of food and foreign bodies 
within the pit. 

When the canine teeth arc large 
the incisors are generally small, as 
we see in the Dog and Cat, where 
there are three above and three 
below on each side of each Jaw. 
This is the typical number of Mam- 
malian incisors, but they may be as 
many as J on each side, as in the 
American Opossums. 


Incisors may, on the contrary, be 
altogether wanting though other teeth are present, as in 


the Armadillos, except one kind. 7 'hcy may be quite want- 
ing in the upper jaw but present in the lower, even in man*s 
own order, e.g. Lepilemur. 
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The same is the case in some Mammals of other orders, 
as in the Ox, Deer, and Sheep ; as also in the extinct Elc- 
phant-like creature Dinothenuin^ which had only two in- 
cisors, but these extended downwards from the front end 
of “the lower jaw. 

Incisors may be present in the form of enormous tusks in 
the upper jaw but wanting altogether in the lower, as m the 
Elephant. They may similarly be present in the upper jaw 
only, but exhibit a flat grinding surface flush with the gum, 
as in the Walrus. 

The upper' incisors may be separated by an interval from 
their fellows of the opposite side, as in Loris. 

Fig. 231- — FhONT View of Upper Incisors and Canines of three genera 
U r Slow Lemurs (.natural Mze). 

1, Lons; 2, Nyctuebus ; 3, Fetodictuus. 

The front lower incisor may be enormous, and represent, 
by its notched outline, several incisors fused into one. More- 
over with age the teeth may become anchylosed to the jaw. 



Fig. 232.'-Dentitio.n of Smrea-mousb 

i upper incisors; notched lower imi'.or , r, upper canine c\ lower canine; 
pm. upper pre-molarj* , pm\ lower pre molar , m, upper molar%; m', lower 
molars. 

These peculiarities are exhibited by the Shrew-Mice, which, 
as before remarked, are not “ mice ” at all, but closely allied 
to the Mole and Hedgehog. 

Generally having but a single fang, whether with or without 
a permanent pulp, an incisor tooth may yet have a double 
fang, as is the case in the Flying Lemur and in Peiradromus. 

26. The CANINE TEFTH of man. as their name implies, find 
in the Dog (and other flesh-eating beasts) an enlarged repre- 
sentative, as also in the Apes. Such tusks, however, are far 
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, exceeded by what we find in certain of the Hog tribe, e.g, in 
the Babyrussa {Porcus), where the upper canines first mount 
vertically and then curve over backwards and downwards, 
whence its native name, which signifies Deer-Hog. 



Fio. 233— Sktii and 

TubKS OF THE BAmKLbSA 

iPorcui). 


Undoubted canines attain their 
maximum in the upper jaw of the 
Wali*us, which develops a pair of enor- 
mous descending tusks growing from 
permanent pulps, and which are said 
to aid the animal in its locomotion 
amongst the ice. 

The longest tooth developed in the 
whole animal kingdom is the tusk of the 
Narw'hal. It may be doubted, indeed, 


whether this tooth represents a canine or a molar, yet, as it is 
embedded entirely in the maxilla, it cannot be an incisor. 
In the female Narwhal these teeth remain undeveloped and 


in the bone. In the male the tooth of one side is generally 
developed, but sometimes both are so. The pulp cavity 
extends nearly the wdiole extent of the enormous tooth, 
which is said to attain a length of ten feet. Though straight, 
Its surface ^has a spirally-twisted appearance, and formerly 
was sometimes exhibited as the horn of the Unicorn. 


Upper canines may be present though upper incisors are 
wanting, as in the case of the Musk Deer and Muntjac. 
Lower canines may be closely approximated to and shaped 



Fig. 234 —Dentition ok a Shefp (Tvkicai. Ruminant Dentition.) 
MTjr, maxilla ; pre-maxilla, which is eclenruJous, there being no upper in- 
cisors ; 1 3, three lower metsors oi left side , c, lower canine : />«, pre- 

molars ; Mf, molars. 

like the incisors adjacent to and between them, as in the 
Lemurs and in the Ox and Sheep tribes. 

Lower canines may be altogether wanting, though both in- 
cisors and molars are present in each jaw, as is the case in 
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all Rodents, i.e. in all Rats, Squirrels, Hares, Marmots, and 
Porcupines. 

Canines may grow from a root essentially similar to that 
of man’s canine, or from a double fang, as in Galcopithecus 
and the Mole. On the other hand, as has been said, they 
may grow from pennanent pulps. 

Very rarely, e.g. in the I'anrec {Centetes)^ the points of the 
lower canines are received into corresponding pits on the under 
surface of the upper jaw. 

27. The MOLAR TEETH of man present a medium character 
when compared with those of the other members of his class. 
Often we find molar teeth relatively larger, broader, more 
complex, and more suited for grinding hard or lough vege- 
table substances than in him. 

We see, on the contrary, that they may often become 
relatnely smaller, n<iiTower, and more trenchant, so as to 
serve better for cutting and dividing flesh. 

The maximum both of size and complexity is attained by 
the grinders of the Asiatic Elephant, where the worn surface 
presents a great number of narrow transverse ridges, the nature 
of which will be explained under the head of Structure. 

'I'he greatest simplicity of form is seen in the Wahus, 
where each molar is perfectly simple and flat ; and in the 
blood-sucking Pat Desmodus, where each molar forms a 
single wedge-shaped blade. 

The total number of molars reaches its maximum in the 
existing creation in the little Marsupial Myi mecobiuSy wheie 
they are thirty-four (H) in number. The smallest number is 
met with in the Australian Rat Hydromys, vhere we find h 

28. The distinction between pre-molars and true molars 
which exists in man, exists also in the great majority ot 
animals belonging to his class. 

The number of pre-molars is often more numerous thap 
in him, there being three even in the American Ape^ and four 
in the Dog. 

In form the pre-molars are generally, as in man, smaller and 
less complex than are the true molars ; but in some beasts, as 
for example in the Horse, there is no difference in this respect. 

The first pre-molars soon present a striking difference from 
those of man. Thus, even m the old-world Apes, the upper 
one has its external cusp more prolonged, and the lower one 
has its front edge elongated and blade-like. These teeth may 
assume the shape of canines, as in Hemicentetes and in the 
Camel. 
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29. The TRUE MOLARS are very rarely more numerous than 
in man, who has the typical number of the great (Monodel* 
phous) division of his class. In the Marsupials (Didelphous 
Mammals), however, there are typically four above and (our 
below. 

They may (even where pre-molars are present) be quite 
wanting in the upper jaw, while there is but one on each side 
(and that very small) of the lower jaw, as in the Cats. 

30. The form of the human true molars, both above and 
below, will readily serve to explain the more general modifi- 
cations present in man's class. 

The peculiar form of the upper molar — namely, four cusps, 
one at each angle, with the before described oblique con- 
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Eic. 235. “Grinding Srui acu of a Left Uiter Molar. 
a, antero-extcriul cusp ; h, antero internal cusp . postero external cusp ; 
postero-uitcrnal cusp 

The oblique ridge is seen passing from the po^tcro-cxtcrnal cusp to the antero- 
internal one. 

necting ridge — reappears not only in some of the Apes, but in 
other beasts, as e.^. in the Hedgehog and its ally, Gymnura. 

A “band ” of dental substance (termed the cin^uluvi) may 
surround the tooth, and even in man’s own order (Primates) 



Fig 236. —Grinding Surface of a Leit Upper Molar. 
a and d, anterior cusps ; r, po’itero-extcriial cusp . 1, a, 3, and 4, the four acces- 
sory cusps of the exiernal cingulum. 

may develop small accessory cusps which project downwards 
external to the two outer of the four principal cusps. 

By further development the external cusps of the band may 


VII.] THE EXTERNAL SKELETON 265 

equal in vertical extent the four normal cusps, as in the 
Shrew-mice (Sorex). 

A prominence may also be developed from the internal 
part of the band. When this, together with all the other pro- 
minences, is sharp-pointed (as in the Flying Lemur and the 
Mole Urotrichus)^ it produces a maximum of complexity of 
this special kind. 

UROTBICHUS CALEOPITHECUi 



FiC. 937.— Grindinc. Surfaces or Upper Molars of Left Side. 

a, i, c, and principal cusps ; z, 3 , 3, and 4, accessory cusps of external 
cingulum. 

The prominence of the internal cingulum appears below and between if and L 

Ridges may be developed to connect the two external 
normal cusps with the adjacent cusps of the band, thus form- 
ing two triangular prisms placed side by side, and each with 
a flat side turned outwards and an angle inwaids ; w'hile some- 
times but a single prominence may represent the coalesced 
external normal pair of cusps, all of the cusps being drawn 
out into sharp points suitable for cracking the hard coats 
of insects, and constituting the typical insectivorous type of 
molar as seen in the Mole and Bat, and also in the In* 
sectivorous Marsupials, Perameles. 



Fig. 338 —Grinding Surface of Upper Molar of Left Side. 
and c, principal cusps ; t, 3, 3, and 4» cusps of cingulum. 


A sin^lar modification may be presented by the squeezing 
together, as it were, from behind forwards of the tooth till it 
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forms but a single prism, and is therefore like half of one of 
the teeth last described. Such a condition exists in Centeies^ 
Hemicentetes^ and especially in Chrysochloris, 

•HlIVtOCHLOIII* 



Frr.. 239.- (Ikjndinc, Surfacf'- or Uppfr Molars of Left Side. 
a, by and r, remnants of principal cusps. 

Another kind of modification of the teeth is that by which 
the typically carnivorous molar is arrived at. This is best 
exemplified by the last pre-molar, which in the Dogs, Cats, 
and their allies has been called the ^‘scctoriar’ or ‘‘ carnassial ** 
tooth of the upper jaw. 



Fio. 240 —Denti I ION Oh IHE bMiKF-i -o I iih D Tk'.t- « {Machait odui.), 

(Typical Carnivorols Dkntitio.n.) 

Here (in the Cats) it consists almost entirely of three sharp, 
strong, unequal cusps placed one behind the other on the outer 
margin of the tooth, and connected together by trenchant 
ridges, while inside the foremost cusp is a small, short, 
and blunt accessory one. From a study of Marsupial teeth 
it appears that the three outer cusps answer to the cusps of 
the cingulum blended with the two outer principal cusps of 
man, while the rudimentary internal cusp is the representative 
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of the front, inner cusp of man— the hind inner one having 
disappeared. 

In the true molars of the Dog this last cusp reappears, and 
in addition we find a large prominence of the internal part 
of the cingulum. In the Badger this latter structure is very 
much developed, extending in a marked manner along the 



Flo 241 .— Grinding Surface of First Kight Upper Molar Tooth of 
Ailurus Julgem. 

I, 2, 3, and 4, cusps of the external cingulum ; rc, internal cingulum , b, c, and 
dt the four principal cusps. 

whole inner margin of the tooth. In Ailurus we have a 
good example of the maximum of complexity of the carni- 
vorous type of molar. We find in the molar of this 
animal four principal cusps, with three cusps belonging to 
the external cingulum, and two belonging to the internal 
cingulum. 

^turning now to the type of structure exhibited by man’s 
upper molar, we may follow through another series of ani- 
mals yet a new chain of modifications, resulting in a very 
different kind of complication. 

First, one transverse ridge may connect the two posterior 

macro<9ce:lioes 



Fig. 242. — Grinding Si’RFACF of I eft Uitfr Molar, shovving the transverse 
ridges (convex forwards) which connect together the anterior and }K)sterior 
pairs of principal cusps respectively , a, A, c, and the four principal cusps. 

cusps, and another may similarly unite the two anterior cusps. 
We see this in the Kangaroo and Macroscelides, 

Next, a ridge may run along the external margin of the 
tooth (probably the cingulum) and connect together the two 
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outer ends of these two transverse ridges. We find such a 
structure in the Tapir. 

In the Rhinoceros, Horse, and the Ruminants, the essential 
structure of the Tapir’s tooth persists, but is modified by 
greater and greater obliquity of the transverse ridges and by 
the development of supplementary processes running more 
or less at right angles to the transverse ridges. 



Fig. 243 — Grinding Surface oe Spc’Nd Upper Molar of a Camel, 
showing the double crescentic folds which have their convexities turned inwards. 

In the Ruminants the transverse ridges are so much in- 
clined backwards and inwards, that they come to be almost 
parallel with the external wall, thus forming the well-known 
double crescents with a deep excavation between them seen 
in the molars of Sheep. 

In the Horse this excavation is filled up with ‘‘cement,” 
and the pattern is complicated by the development of acces- 
sory processes from the convex, or inner side of the trans- 
verse ridges. 



Fig ?44 — fiRiNDiNf; Surface Fig. 345 —-Grinding Surface 
01- Right Lower Molar. of Right Lower Molar. 


In the lower jaw an analogous series of modifications has 
similar results. In the insectivorous type these modifications 
result in a pair of triangular prisms (produced by the con- 
nection by ridges of the five cusps answering to the five cusps 
developea in the lower molar of man) ending in sharp points, 
as in the Mole ; or in a single prism, as in the Golden Mole, 
Chrysochloris, The prisms are reversed in position as com- 
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pared with those of the upper jaw. In the carnivorous type 
modification results in a “ sectorial ” tooth (here, i.e, in the 
lower jaw, a true molar), which may, as in the Badger, have, 
in addition to man’s five cusps, an anterior one and three 
small posterior ones ; or only the extra one in front, as in 
the Dog ; or finally, as in the Cat, this tooth may attain 
its typical perfection. It does so by becoming, as it were, a 
cutting blade, consisting of but two sharp cusps connected 
by trenchant ridges, and biting against those of the upper 
sectorial tooth like one of the blades of a pair of scissors 
against the other. The posterior cusp seems to answer to 
the front outer cusp of man, and the anterior cusp to the 
extra anterior one ot the Dog. 

In the type of dentition culminating in the Horse, we start 
again from the transverse ridges of the Tapir ; we find double 
crescents, as in the upper jaw, but with the direction of their 
convexities reversed, in the Ox and Sheep tribe ; while in the 
Horse wc find a similar reveisal, and the extra processes 
springing from the concave aspect of the crescents. 

Other and different complexities 6f form, as in the Ele- 
phant, will come more conveniently under the head of 
“Structure.” 

31. Below Mammals wc meet with great varieties of form. 
Thus, in certain Fishes the Chetodons) the teeth are like 
slender bristles. In the Efts the slender denticles terminate 
in two points, and in three in the Fish Platax. 

In Lizards the teeth sometimes have serrated edges, as 
in the Iguana; sometimes they are rounded, blunt, and 
crushing. 

In Fishes we may meet with every variety of shape, and 
sometimes, amongst the Sharks and Rays, a very great 
variety in the same mouth. 

Teeth are sometimes excessively sharp and pointed, as in 
Lamna and Odontaspis ; sometimes they are furnished with 
singular processes, as in Goniadus, 

Sometimes, as in the Australian Shark Cesiracion^ the 
teeth in the front of the mouth are sharp and pointed, w'hile 
as we pass backwards they become flattened till they form a 
sort of pavement to the jaw’s. 

It is the Rays, however, w^hich present us with the most 
wonderful pavement. In some of these Fishes {e,g* in 
My li abatis) the teeth are placed in close contiguity, like the 
pieces of a mosaic, and, what is most remarkable, long and 
nanrow teeth are placed in the middle line so as to cross 



270 


F.LEMENTAH Y ANA TOMY [less. 

the mandibular symphysis, or line of junction of the two 
jaws. 



Fig 246. — Upper and Lower J wvs (‘^een from behind) of an Eagle Ray 
{Myltobatts)^ showing the elongated median dental plates and the hexagonal 
lateral plates. 

One of the most singular modifications in the form of a 
tooth is presented by the poison-fangs of Serpents. 

It is a common thing for a tooth to exhibit a vertical groove : 
we see it even in the canines of Apes ; and in some extinct 
forms (e.g. Ichthyosaurus) the teeth were furnished with a 
number of such grooves. 

In poisonous Serpents, however— the Rattlesnake — one 
large tooth on each side of the upper jaw has an exceedingly 
deep, vertical, anterior groove, the margins of which groove 
bend over till they meet and thus form a canal which opens 



Fig. 247. — Side Vifw of the 1 1 or- a K ^ r m ksnake (jCroinius), showing 
the large poison-fang irnplant'id in the maxilla — in front of the letters tnx. 

/*, articular bone of lower jaw ; In, basi-oc< ipital , d, dentarjr.y, frontal 
pre-frontal , me, median ethmoid , mx, iiLaxilla . o, pro-otic ; /, panetai ; f>n, 
para-sphenoid ; pi, pterygoid . px, pre-maxilla , qu, quadrate ; q$, .squamosal 

widely above, but by a vcr>^ small aperture below. It is down 
this channel that the poison is poured, the tube leading from 
the poison-gland opening into the upper part of the canal. 
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32. The SUCCESSION of the teeth which we meet with 
in man is characteristic of most animals of his class, but 
not all. In many, as in the Guinea-pig, the so-called milk- 



Fio. 248. — ^Vertical, Longitudinal Section or the Poison-fang of a 
Serpent. (AJtcr Orven ) 

g, deep groove ; 0, its lower termination, which affords exit to the poison ; 
p, pulp-cavity. 

teeth are shed ev'cn before birth. On the other hand, they 
may be retained for a relatively longer period than they are 


y 

Fig 249. — Magnified Transverse Section of a Serpent’s Po:son-fang. 

{A/ier Owen ) 

groove round which the substance of the tooth (containing /, the pulp-cavitv) 
IS bent ; 7, the point wlicre the sides of the tooth meet and convert the 
“groove” into what is practically a central cavity. 

in man. Thus, in the Ungulates they persist till the adult 
form is reached, and, at least in some, till after the bony 
elements of the limb-girdles have completely coalesced. 

Sometimes teeth are formed which are not desftned to 
cut the gum, and are re-absorbed without ever becoming 
visible. This is the case with the upper incisor tee%Ii of 
Ruminants. In the Whalebone Whales, before the develop- 
ment of baleen, minute teeth are developed in the dental 
groove, which teeth are ultimately absorbed while the groove 
itself becomes obliterated. 

In the Marsupial Mammals but a single tooth is provided 
with a vertical predecessor. This tooth is the one which 
would be the fourth pre-molar were the normal number de- 
veloped, and it thus serves to define the last of the pre-inolars. 
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We see by this, that there may be teeth with no vertical pre- 
decessors in front of others which have such predecessors. 

Milk-teeth may be entirely absent in some Mammals, as is 
the case in the Porpoises and Dolphins and most Edentates. 

The canine teeth, as in the highest Apes, may appear after 
the true molars are in place. Generally the last deciduous 
molar resembles, not its vertical successor, but the first true 
molar, as has been stated with regard to man. 

A mode of succession may exist in man’s class which 
renders it difficult to define the essential nature of the anterior 
molars. Such is the case in the Elephant, where six teeth 
are successively developed, the hindmost ones being much 
more complex than the anterior ones. Each rotates into its 
position in such a way that one portion of it is worn before 
the last part is in place, and ultimately the whole of the jaw 
is occupied by a single tooth. The Elephant has, however, 
undoubtedly two upper deciduous incisors on each side, and 
three molars ought in all probability to be reckoned as 
deciduous ones on each side of each jaw. 

Below Mammals we may find quite other conditions of 
replacement and succession ; but though of course there is 
never a “milk” set, yet even in some Fishes there is a 
vertical succession like that occurring in Mammals. This, 
for example, is the case in the teeth of the front of the mouth 
of the Fish Sargns — which teeth, moreover, bear a singular 
resemblance to the incisors of man. 

In the Crocodiles, as the teeth wear out or become lost, 
they are replaced by others, formed on the inner side of 
those which they are destined to succeed. Each new tooth 
causes, by its development, an absorption of the inner wall 
of an old tooth, and, entering at this aperture, it becomes 
enclosed within the central cavity of the latter, so that when 
the old tooth is removed the new one is found rising up 
in its ^lace. This process appears to go on indefinitely 
through the whole of life in these creatures. 

A far more abundant supply of new teeth and ready re- 
placement of old ones are found in the Sharks. Whole rows 
of teeth, getting ready for use, lie folded back one behind the 
other all round the jaws. As the old teeth are lost, those 
immediately behind go forward, become erect, and take the 
vacant places. 

The most singular succession of all is found in the Parrot 
Fishes {Scarus). Parrot Fishes browse upon those truly 
sensitive plants the arborescent polyps, and their jaws are 
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singularly dense and hard, well suited for breaking up their 
stony prey. The jaws of the fish are shaped like a parrot’s 
beak (whence its name) ; but it is a beak which singularly 
and interestingly differs in structure from that of a bird. 



Fig 250. — VERTICAL Section of thii. Lower Jaw of a Shark {Larnnei), 
showing ihe uppermost erect tooth with the others below in various stages, 
each ready to come successively into place when ns predecessor is removed. 
{After Chvrn ) 

A bird’s beak is, as we have seen, a modification of the 
cpidennis. This fish-beak, however, is a truly enderonic 
structure, and calcareous, not horny. It is, in fact, formed 
of an immense number of small elongated teeth, which, 
closely packed side by side, are attached by their proximal 
ends to the surface of both the upper and lower beak-shaped 
Jaws. As these jaws with the annexed denticles are worn 
away by u«?e at their margins, both are replaced by a com- 
mon down-growth of bone and teeth in the upper jaw, and by 
a common upgrowth of bone and teeth in the lower one. 



Fio, 251 — Side V'ifw of the Pkf-m\xiiia or a Parrot-fish (Stn/ta), 
showing ihc cloixely apposed denticles winch encrust it {After Owen ) 

33. The STRUCTURE of man’s teeth supplies us with a 
key by which we may understand that of Vertebrates gene- 
rally ; nor is there any real increase of complexity as to the 
number of the constituent materials, though the dentine may 
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be of various degrees of vascularity.* On the other hand, 
the structure of the teeth may be much simpler than in 
man in his own class, as, in the Sloths and Armadillos, 
where the teeth are formed of dentine and cement only, 
being destitute of enamel. 

The best example of great complexity of structure of a 
Mammalian tooth is that exhibited by one of the molars of 
the Indian Elephant. 

Such a tooth consists of a number of narrow transverse 
plates of dentine, each plate being capped with enamel, and 
the interspaces between the plates being filled up with a 
quantity of cement, as if this material had been poured round 
and between the plates, and had there solidified. As the tooth 
wears, it assumes the transversely ridged appearance before 
noticed, which is an effect of the different densities of the 
component tissues. 

Thus the enamel, being harder than either the dentine or 
the cement, stands up a little along each front and hind 



Fig 252 — Grinding Surface of Lower Molar ok Indian Elephant. 
(After 07 t>en,) 

t/, d, two of the vertical platci. of “dentine" (each siimumded by “enamel”), 
which are conneLted togcthci by the “cement ” 

margin of each tninsvcrsc plate; and in this way, proceeding 
from either end of the tooth along its grinding surface, we 
successively meet wfith layers thus arranged : — Cement, 
enamel, dentine, enamel, cement, enamel, dentine, enamel, 
cement, &c. 

* / e may Vie more or less permeated by canals for nutritive fluid, which are 
larger than the dentiual tubes existing in man. 
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A similar but less extreme complexity of structure cha- 
racterizes the last molar of the largest animal of the Rat 
order, namely, the so-called River-hog of the La Plata — 
Hydyochcrrus . 

Foldings of the dentine, bounded by enamel and with 
cement filling the valleys and interspaces, produce such com- 
plex patterns as we find in the Horse and Sheep already 
described, and also in the Porcupine and Beaver. 

Molar teeth may grow (like those of man) from roots which 
soon become calcified, so that no more growth can take place ; 
and this is the more common condition of the Mammalian 
molars. 

They may have very long roots capable of a prolonged but 
still limited increase, as in the Horse. 

They may spring from persistent roots growing during the 
whole of life, as in the Porcupine. 

The pulp-cavity may be curiously disposed or divided. 
'I'hus in poisonous Serpents it extends round the greater part 
of the poison canal, which, it need hardly be said, is really 
outside the tooth. It may be divided transversely, as in the 
incisor of the Horse (h'lg. 230), where one branch ascends in 
front of the depression (or mark and the other branch 
ascends behind it. It may 
be divided antero- pos- 
teriorly, as m notched in- 
cisors, and cspeciall) in the 
comb-like ones of the Fly- 
ing Lemur, where (Fig. 

228) a branch of the pulp- 
cavity ascends each pro- 
cess of the “ comb.’' 

But the. most remark- 
able form of the pulp- 
cavity is that w'hich ex- 
isted in those extinct Ba- 
trachians the Labyrintho- 
dons. I n those creatures, 
numerous vertical grooves 
on the surface penetrate 
with many inflections 
deeply into the substance 
of the teeth, and similar narrow processes of the pulp- 
cavity interdigitate, also with many inflections, between the 
inwardly extending grooves. With this structure a transverse 

T 2 



Fig. 353 — Oms Qi/ARriiR of a much 
EN iARGED II0R170NTAI. Section of 
THE Tool H OK A LaBV KIN THODON. 
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section of the tooth presents such a complex series of radiat- 
ing contorted lines as to have obtained for the animals their 
name, and for the kind of tooth the epithet Labyrinthic. 

A third kind of complex tooth is presented by one Mammal 
only, though certain Fishes present a more or less similar 
structure. The animal referred to 
is the Cape Ant-eafer {prycteropus)^ 
which possesses the only really com- 
pound teeth found amongst Beasts. 

Each tooth is cylindrical in shape, 
and apparently simple, but when 
cut transversely exhibits a number 
of minute apertures, as does a cut 
cane. Each of these apertures is the 
orincc of a pulp-cavity cut across, 
and from each of these cavities 
minute dentinal tubuli radiate in every direction, so that 
the tooth is really made up of a number of very elongated 
and slender denticles anchylosed together into one solid 



Fig 2S4 — The Aakpvark, 
OR Cape Am -i?. a per 
iptyctetopus). 



Fig. 255.— Transverse Section op a ’J'<yn h of Orycit'topus^ showing the 
numerous denticles, each with its pulp-cavuy. 


True teeth do not co-exist with a horny beak in any 
known Mammal. 'I'hey did so, however, in some of those 
extinct flying Reptiles the Pterosauria, and also the extinct 
Reptiles Dicy notion had a tooth which grew^ from a perma- 
nent pulp on each side of the head, though the jaws seem to 
have been furnished with a horny beak. 

34. Enderonic calcifications which can hardly be called 
teeth may occur further back in the alimentary canal than 
anything w^e have yet met with. In a little African Serpent, 
Rachiodon, certain bony processes w'hich depend from the 
ventral surface of the backbone penetrate the gullet and are 
tipped with a kind of enamel. These cesophageal ^ teeth per- 

* (Tsophagus i<i the name of the passage which leads from the hack of the 
mouth (or pharynx) to the stomach. 
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form a peculiar function. The animal lives on eggs, but is 
devoid of lips, so that if it broke the eggs with its mouth 
their contents would be lost. It has then but rudimentary 
teeth in the ordinary place, but swallowing the eggs whole it 
fractures them with these oesophageal teeth, and thus loses 
none of the nutritive substance. 

35. Structures which are quite like teeth — and indeed much 
resemble those of Orycteropus — project from either side of 
the very elongated rostrum which extends from the front of 
the head of the Saw-fish. These, then, 
are teeth quite external in position— 
enderonic dermal calcifications. 

This, however, is not the only in- 
stance in which tooth-like structures 
appear on the external surface of the 
body. Ihe Sharks and Rays, for ex- 
ample, have dermal calcifications 
(springing from a bony base) which 
consist of a substance exceedingly 
resembling dentine, and moreover 
coated with a sort of enamel. These 
may be quite small and thickly dis- 
tributed all over the body. A skin so 
furnished is called shagreen. They 
may however be larger, fewer, and 
placed far apart, and as it were en- 
graved with elegant patterns on the 
exposed surface, often forming power- 
fully defensive spines, as in some 
Sharks. 

Other Fishes, as the Bony Pikes fig 2s6-*Uni>kk Sur- 
{Lepidosteus)^ have a close-fitting i-Act-opHRADoi- aS\w- 
annour of solid, enamelled, bony scutes, 
which join together by means of a peg the prolongs rostrum, 
and socket articulation. 

Fishes more familiar to us, but belonging to the same 
Ganoid group, eg, the Sturgeon, are also furnished with bony 
scutes arranged in rows along the body. 

The spines of some Teleostei present us with a peculiar kind 
of articulation— a shackle-joint (referred to in Lesson IL), 
the base of a spine forming a ring which passes through 
another ring developed from an ossicle supporting it (fig. 257). 

36, The SCALES OF OUDJNARV FISHES (as th«? Perch) are 
hard structures embedded in the deep layer, or dermis, and 
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so are quite unlike the scales of Reptiles. Indeed, the 
‘‘ scales” of Fishes should rather be termed “scutes.” 

They have been divided into two groups or kinds — thos <5 
in which the free margin is smooth and which are termeu 



Fit. 257 —A SMACM I’-JoiN'T, 

Articulation of a large spine with a hony plate (placed below) of the ^kin of a 
Siluroitl Fish. 

Cycioid^'^ and those in which the free margin is toothed and 
which are named Ctenoid.^ 

37. Besides scales, spines, and plates, Fishes have otfif.R 
DERMAL SIRUCTLRKS, bony or gristly, constantly present 
Within the dermis. One kind consists of filamentary pro* 
cesses, which may be either horny or calcareous, and which 



Fig 258 — Doksal Fin' of an At an- 
T hoptj'.rvoian Fish, showing the 
firm, *piny lin-rays,y, Mipfxjrted on 
the inter-spinous bones, i. 


Fir, 259— Dorsai Fin ot a Mala- 
( (H'TKK^(.IA^ Fish, showing the soft 
ami sub-divided’ hn-rays, /, sup- 
I>orted on the inter-spinous bones, f. 


support Uac skin of the fins, whether those of the back, belly, 
and tail, or those of the iiinbs. Such structures arc termed 
fin-rays. Another kind consists of the parts (bony or gristly) 
which support the fin-rays, and which are termed the ^^inter- 
spinous'" bones or cartilages. These may be seen in the 
common Sole in the form of small bones extending along 
each rrtargin of the body beyond the ends of the neura- 
pophysial and hypapophysial processes which respectively 
project in opposite directions from the centre of the backbone, 

* From a circle, .and form, 

* From kTtiy, a com$, and fiiuf. 
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38. Lastly may be noticed certain exceptional though not 
unfamiliar structures which come perhaps more conveniently 
under the head of the exo- skeleton than elsewhere— namely, 
the J^ONY HORNS OF UNGULATES. In the Oxen, Goats, and 
their allies, horns exist on the head as bony cores persisting 
throughout life, and supporting the hollow horns before 
noticed under the liead of “Epidermal Structures.” Jn the 
Giraffe we meet with three bony prominences which arise as 
distinct ossifications, and only later anchylosc with the skull. 
These are the pair of short “ horns ” and the median pro- 
minence in front of them. They are without doubt exo- 
skelctal structures. In Deer, however, we meet with bony 
antlers which arc shed annually and are destitute of any 
horny covering. These may exist m both sexes, as in the 
Reindeer, but generally m the males only. They arise as 



Fi<;, 2rx>. — SfkO'S ov Anti i*ks of thf 0>mvon ST^G. showing (from No t to 
N»). 8) ilic gritdu.il inci ciisc (h iih ago of si/c ami complexity i%thc antler*, 
developed . 

No. I, the antlers which fall in the second year; 6, antler of a young “.stag of 
ten 7 and 8, antlers of seven years old and upwards 


soft, highly vascular prominences, and when full grown 
become hardened by calcareous deposit. In some months 
the investing skin dries up and is rubbed away, and the horn 
Itself falls off after the breeding season, leaving a stump, 
whence it shoots again in the following year. 

Antlers, as a rule, arc branched- -miore so as the individual 
is older till maturity be attained. 
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Some Deer have enormous antlers, weighing as much as 
seventy pounds, and are formed at the rate of one pound a 
day. 

Great as must be the strain on the system from such a 
demand, it must yet be exceeded by the effects on Birds of 
the production of an entire new plumage when moulting. 

The antlers, like the bony cores of the hollow-horned rumi- 
nants, are rather outgrowths from the skull than skin struc- 
tures. Yet in the Giraffe we find short bony horns formed 
from ossifications independent of the skull, with which they 
unite at a later period only. . 

Such are the principal structures which may be described 
under the head of exo-skeleton. Other appendages of the 
skin which are not skeletal, but excretory (as the milk 
glands, scent glands), will be noticed in the Twelfth Lesson 
as coming within the group of “excretory structures.^' 
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LESSON VIII. 

THE MUSCLES. 

1. The MUSCLES of man are his “flesh,” and it is the 
muscles of cattle which are eaten as “ the lean ” of “ meat.” 

These muscles are fleshy masses of different sizes and 
shapes, separated from each other by membranes termed 
aponeuroses. Aponeuroses are included amongst those 
fibrous and soft parts of the skeleton (referred to in Lesson 
II.) which extend outwards from the bones of the endo- 
skeleton to the skin, or exo- skeleton. 

The nature of muscular tissue has alreiidy been sufficiently 
described in the “ Elementary Physiology,” Lesson XI L 
§ 15 ; the action of muscles in Lesson VII. § 4 ; their fixed 
points, §§ 5 and 6 ; the kinds of movement they give rise 
to, § 17; and their modes of attachment in § 19. 

2. That end of a muscle which is nearest to the central 
axis of the whole body, or to the root, or else to the axis of 
the limb of which it forms part, is generally called its ORIGIN, 
and its proximal end. The opporite extremity is generally 
called its INSERTION, and its distal end. 

Muscles are very often inserted into bones by ipeans of 
tendons, and then frequently, when such muscles are strong, 
part of the bone extends out, as it were, a little way into the 
substance of the tendons. Hence arise many such tuberosi- 
ties, spinous processes, &c., as we have already made ac- 
quaintance with. All the processes of the backbone are so 
connected with tendons of muscles. 

3. Muscles acting on bony levers produce definite mo- 
tions, in consequence of which certain epithets are applied 
to such muscles. 

Thus, when two bones are united by a hinge-joint, muscles 
which by their contraction tend to make the angle formed by 
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such bones acute are termed Jliwors, Those, on the contrary, 
which tend to open out such an angle are termed extensors. 

Some muscles attached to a long bone which is relatively 
fixed at one end, tend to make it describe the superficies of a 
cone, or a movement of circumduction. Such muscles are 
termed rotators. 

Some muscles move a bone away from a given axis, and 
are therefore termed abductors. Others tend to bring it 
towards such an axis, and such are called adductors. 'I'he 
epithets ^"protractors^" retractors^ eie7uitorsP and “ r/r- 
pressors"^ (terms which require no explanation), arc also some- 
times made use of. 

There cannot, however, be any rational classification of 
muscles according to the functions they execute, because 
such functions often vaiy in different animals with regard to 
the very same muscle. 

4. A sound CLASSIFICATION of muscles must be morpho- 
logical, and may be made to follow that classification of parts 
winch has been already given with respect to the skeleton, or 
may be constructed independently. An independent general 
consideration of the musculai system, however (whether ac- 
cording to Its simplest or most complex condition), will come 
most fitly at the end of this lesson. 

Arranging the muscles (in the first place) according to the 
skeleton, we have — 

{a) Muscles of the exo-skcleton, and 

(b) Muscles of the endo-skelcton. 

To this it will be convenient to add a third category, 
namely — 

(c) Muscles of the viscera. 

The exo-skeletal system of muscles may consist of smooth 
or of striped fibres.' 

Such iy^e the small muscles which go from the deep layer 
of the skin to the hair-sacs, and by their conn action make 
the hair 'Stand on end.” These muscles become large and 
important in Hirds, and are in them striped instead of un- 
striped as in Man. 

Other muscles, to be hereafter noted, belong to this cate- 
gory, such as the Platysma Myotdes, and certain muscles 
of the face of man. 

The endo-skeletal system is naturally divisible, like the 
skeleton itself, into an axial and appendicular portion. These 

* For an account of this difference of structure in muscular fibres, see Lesson 
Xll/of ** Elementary Physiology,'' | 15. 
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general considerations, however, will be more profitable after 
a review of the muscles as they exist in man, and of the 
more interesting and significant deviations from his structure 
Avhjch may be found in other animals. 

The viscero-skeletal system of muscles consists of muscular 
fibres placed on the walls of the alimentary canal, and in a 
variety of tubes and organs (such as the heart, bladder, &c.), 
to be hereafter noticed in describing such parts. 

5. It may be useful and convenient in this book to adopt 
the order usually followed in describing man’s anatomy. The 
MUSCLFS OF THE HEAD AND NhCK will therefore come 
first. 



Fro 261 Scri-RFiriAi. Mrsci.Es of ihh Head: Right SirfK. 

1, anterior part of occipito-front.ihs : i , its posterior portion ; 2, orbicularis palpe- 
bral luii . p Icvaior labii Mipenon-. el ala: nasi, 4, levator laba ipenons ; 
5. somatic as minor, 6, /ygtanaiicus major, 7, depressor anguli ons . 8, 
platysiaa m y aides , 0, massetcr; 10, orbicularis oris, 11, anterior auricular; 
12, attolIc'Ofc auiicularo, or siifienor auncuiar , ij, retrahentes aunculam ; 14, 
buccinator, 1 tr.ipc/ius ; 16, stcrno-mastoid . 17, splenuis , 18, traiisversahs 
nasi , 19, levator lacnti. 


Occipito-frontalis is the name applied to a thin flat muscle, 
divided into two fleshy parts, or bellies. One of these is 
placed in the occiput and another over the orbits, and the two 
are connected by a wide aponeurosis which covers the top of 
the skull and passes immediately beneath the skin. 

Three little muscles, termed respectively the 
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auriculam^ the retrafientes auriculam^ and the sygomato- 
auricularis, arise from above, behind, and in front of the ear, 
to the external part of which they are attached. In rare 
cases a man is able to move his ear by the contractiop of 
these muscles. 

The orbicularis palpebrarum is a muscle which surrounds 
the eye beneath the skin, and is not attached to any bone 
except at the inner margin of the orbit. By its contraction it 
closes the eyelids. 

A little muscle, the levator palpebr<^^ takes origin deep in the 
orbit (above the optic foramen), and is inserted into the upper 
eyelid, ’which it raises. No analogous muscle depresses the 
lower eyelid. 

Other muscles of man which are connected with the lips 
or nose are i. Pyramtdalis nasi, 2. Levator labii supe- 
riors alceque nasi, 3. Compressor naris, 4. Depressor 
ales nasi, 5. Levator proprius alee nasi, 6. Levator labit 
superior is (which takes origin from the maxilla and malar). 
7. Levator anguli oris (arising below the infra-orbital fora- 
men). 8. Zygomaticus minor (going from the malar to join 
No. 6). 9. Zygomaticus major (going from the malar to the 
angle of the mouth). 10. Depressor anguli oris (springing 
from the mandible), ii. Depressor labii inferioris (placed 
near the front of the lower jaw. 



Fit.. 262.— DhEPER MuSCLI-S OP THE Ru.HT Sll K OF THE HUAD. 

X, temporal , 2, corrugator su^rcilti . 3. tran-^verKalis nai>i ; .4, depreaiM^r alae nasi : 
5, levitor anguli oris; 6, ouccinator, traversed toward> its hinder part b|^the 
duct of the parotid gland : 7, depressor labii inferioris ; 8, levator menti ; 9, 
masseter, cut bhort near its insertion ; 10, external lateral ligament. 


The buccinator is a thin flat muscle extending between the 
alveolar margins of the jaws on each side. 
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The orbicularis oris is a muscle surrounding the aperture 
of the mouth. 

The masseter passes from the malar down to the angle of 
the lower jaw. 

The temporalis occupies the side of the skull within the 
zygoma, and is inserted into the coronoid process of the 
mandible. 

I'he pterygoidais iniernus passes from the pterygoid fossa 
to the inner surface of the mandible just above its angle. 

The pterygoideus externus arises from the ali-sphenoid 
(including the part called “external pterygoid process '’), and 
is inserted into the neck of the condyle of the lower jaw and 
into the inter-articular fibro-cartilage. 

Inside the bony orbit, we have four slender, long, straight 
muscles (or mV/), and two oblique muscles, all inserted into 
the sclerotic, or outer coat of the globe of the eye. 



Fh; - Thk Mi’sci-fs of thf K\fbai.l, viewed from above and from the 
outer side. 

S A’ , thf superior rectu*; ; Inf F. the inferior rectus ; K.R , the external rcctu*; ; 
ftt A*., the internal rectus ; .V Ob , the superior oblique , inj fM., the inferior 
oblique, CA., the thiasma of the optic ner\es {II ). ///., the third nerve, 
which supplies all the muscles except the superior oblique and the external 
rectus. 

'fhe four recti all arise at the bottom of the orbit, about the 
optic foramen, and are respectively inserted into the eyeball 
above, within, below, and without, whence they are termed 
superior^ internusy inferiory and externus. 

The obliquus superior (a slender muscle, like each of the 
recti) also arises near the optic foramen. At the inner margin 
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of the orbit it passes through a fibro-caitijaginous ring or 
pulley, which changes the direction of the tendon, os, aft^r 
traversing it, the tendon returns backwards to be inserted 
between the upper and external recti muscles. 

The obLtquiis inferior has no pulley, and is the only short 
muscle in the orbit. It springs from the orbital plate of the 
maxilla near the lachrymal groove, and, passing backwards 
between the floor of the orbit and the globe of the eye, is 
inserted into the postcro-external aspect of the latter. 

The platysma niyoides is a thin muscle placed imme- 
diately beneath the skin of the neck, and extending from the 
mandible downwards to the chest and shoulders. 

The sterno-dcuio mastoid is a long stout muscular strap, 
double at its lower end and arising partly from the clavicle 
and partly from the sternum, and inserted into the mastoid 
process. 

The diyastnc is a muscle with two fleshy bellies, with a 
median tendon. Arising from the ma.stoid, it is inserted 
inside the mandible close to the symphysis. The median 
tendon is connected with the os hyoides. 



Flo. 264 —Ml sc LES OF THE RlGHl SlDE OF THE ToNfU/E. 

1 , j»tylo-glasMis , 3 , st>lo hvoWl ; 3, stylo pharyngeus ; 4, h>o glos.sus ; 5, genio* 
hyoid , 0, gcniu giuasus , 7, linguahs. 

'I'he Stylo-hyoid,^ stylo-giossns^ and stylo-pharyngcus arc three 
slender muscles all springing from the styloid process, and 
inserted, the first into the corniciilum of the hyoid, the second 
into the base of the tongue, and the third into the thyroid 
cartilage of the larynx.* 

The mylodiyoid is a flat muscle, and passes from inside the 
mandible to the body of the hyoid. It unites with its fellow 

* For a description of the larynx see Le&son XII. 
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of the opposite side (in front in the middle line) and the 
two together form the muscular floor of the mouth. 

The genio-hyoid is narrow, and goes from the hyoid to the 
mandible inside the symphysis. 

Y he hyoglossus is a flat muscle, passing from the cornua 
of the hyoid upwards to the side of the tongue. 

1'he gcnio-hyoglossus is a flat, triangular fasciculus, arising 
inside the symphysis of the mandible, and inse/lcd in a 
radiating manner from beneath the front of the tongue back- 
wards to the body of the hyoid. 



Fig. 265. — Miscles of the Fkon't and Right Side of the Neck 

1, aiitenor belly of digastric . 2^ its posterior belly , 3, mylo-la oid . 4, stylo hyoid ; 
5, stylo-glossus , 6 , stylo-pharyngeus , 7. sicrnn-hyoui . 8, omo hyoid ; 9, 
thyro-hyoid ; to, steiuo-ihvroid , n, anterior scalenus . 1?, iiiidaTe scalenus — 
the posterior scalenus is seen immediately behind it arising from the second 
nb; 13, lesator anguh sc.apula:. 

'rhe sterno-hyoid muscle is a long band which springs from 
within the sternum or clavicle, and goes to the basi-hyoid. 

The sterno-thyroid (broader and shorter than the pre- 
ceding) springs from within the sternum and goes to the 
thyroid cartilage of the larx nx. 

The thyro-hyoid appears like a continuation of the last- 
noticed muscle, and goes from the thyroid cartilage to the 
great cornua. 
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The omo-hyoid is a long digastric muscle which takes 
origin from the hyoid and is inserted into the upper margin 
of the scapula. 

The anterior scalenus lies deep at the side of the neck. 
It springs from the parapophyses of the cervical vertebrai 
(third to sixth), and is inserted into the first rib. 

The middle scalenus springs from the diapophyses of the 
cervical vertebrae, and also goes to the first rib. 

The posterior scalenus arises from the diapophyses of the 
last two or three cervical vertebrae, and is insert^ into the 
second rib. 

The rectus capitis anticus major arises from the parapo- 
physes of the (third to sixth) cervical vertebrae, and is in- 
serted into the basi-occipital. 

The rectus capitis anticus minor springs from the side of 
the atlas, and also goes to the basi-occipital. 

The rectus lateralis is a short muscle interposed between 
the transverse process of the atlas and the jugular process of 
the occipital bone. 

The longus colli is attached to the front of the spine, con- 
necting the centra and transverse processes of the vertebrae 
from the atlas down to the third dorsal. 



Fig. 266,— Mir.srLFs of the Right Hai f ok the Pharynx, seen from behind. 

I, sterno-thyroid cut near its insertion and raUed by a hook ; 2, median raphe, 
where the pharyngeal constrictor muscles of the right and left sides meet 
together behind ; 3, stylo-pharyngeus ; 4, superior constrictor of the pharynx : 
5, middle constrictor ; 6, inferior constrictor ; 7, buccinator; 8, cut end of the 
stylo-glossus ; 9, cut end of the hyoglossus ; 10, genio-hyoid. 


The constrictors of the pharynx are muscles which enclose 
the alimentary canal in the region of the throat : they are 
three in number {inferior^ middle^ and superior)^ and spring 
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from the sides of the larynx, from the cornua and cornicula 
of the hyoid, from the lower jaw and pterygoids, and meet 
together in the middle line behind the pharynx, where, at 
their summit, they are attached to the basi-occipital. 

Tfie soft palate is formed with the help of five pairs of 
small muscles : — (i) the levator palati^ descending from the 
petrous bone to meet its fellow of the opposite side, and also 
(2) the closely applied pair (miscalled azygos uvulae) which 
descend vertically from the palate; (3) the circuniflexus palati^ 
going from the pterygoid to the palate ; (4) palatoglossus^ 
descending from the uvula outwards to the wall of the throat ; 
and (5) the palato-pharyngeus^ arching dowmwards and back- 
wards from the uvula so as to leave a gap between it and the 
palato-glossus. 

6. The MUSCLES of the back are arranged in successive 
layers. Beginning with the most superficial of these, we find 
a large sheet of muscle called the trapezius. This arises 
from the occiput, the dorsal spinous processes, and the 
ligamentum nuchse,^ and is inserted into the spine of the 
scapula, the acromion, and the outer third of the clavicle. 

The latissimus dorsi is a very large muscular sheet which 
arises from the spines of the sacral, lumbar, and six lowest 
dorsal vertebrir, and also from the ilium and some ribs. It 
converges to a narrow fasciculus, which is inserted, .by a 
tendon, into the bicipital groove of the humerus. 

The 7 ‘homboideus goes from the spines of the low^er cervi- 
cal and upper dorsal vertebrae to the vertebral border of the 
scapula. 

The levator auguli scapula: arises from the diapophyses 
of the first three or four cervical vertebrae, and goes to the 
postcro-superior angle of the scapula. 

The scrratiis posticus superior is a fiat thin muscle which 
springs by aponeurosis from the spinous process of the two 
or three upper dorsal vertebrtc and from the ligaSientum 
nuchae, and is inserted by fleshy digitations into the second, 
third, and fourth ribs. 

The serratus posticus inferior similarly arises from the 
spines of the last tw'o dorsal and three upper lumbar vertebrae, 
and is inserted (also by fleshy digitations) into the last four 
ribs. 

' 11ns structure consists of a Iwnd of tendinous 6bres extending backwards 
from the ceivic.d sptnous processes, so as to form a p.irtition between the neck- 
nnisclcs of the two sides. It is attached above to the occiput, below to the 
Spine of the seventh cervical vertebra. 

11 
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The splenius is placed obliquely in the neck, extending 
from the spines of dorsal and cervical vertebrae to the trans- 
verse processes of the upper cervical vertebrae and to the 
mastoid process ; the latter insertion defines the splenius 
capitis j the former the splenius colli. 

Erector spince. Under this title is included a very large 
and complex muscular mass occupying the groove which 
exists on each side of the dorsum of the skeleton, between 



Fig 267. — Musci.ES ok the Hack, 

On the 19ft side the superficial muscles are shown. On the right side not only 
are these removed, but the .serratus posticus inferior and abdominal muscles 
also, and the vertebral aponeurosis is cut short (below la) to show the deepest 
muscles of the back. 

j, trapezius; 2, latissimus dorsi ; 3, infra-spinatu.s and teres; 4, deltoid — raised 
on the right side to show the infra*spinatu.s, (5) teres major, and (6) teres 
minor ; 7, sterno-mastoid ; 8, splenius , 9, levator anguli scapulae ; lo, rhom- 
boideus; 11, external oblique ; la, vertebral aponeurasis (lying in the same 
plane with the serrati postici) ; 23, spinalis dorsi; 14, lon^ssimus donu ; 15, 
sacro'Iumhalis. 


the vertebral spinous processes and the most backwardly 
projecting parts of the ribs. In anthropotomy it is divided 
into a number of parts which here it will not be necessary to 
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describe. Its main division will sufldce, and this is twofold — 
one part being nearer to, the other ftirther from, the vertebral 
spines ; and each extending from a common origin in the 
sacral region upwards to the neck and head, where the parts 
assilme distinct designations : — 

Sacro-lumbalis. This name designates that part of the 
erector spinae which is the more externally placed and attached 
to the ribs. Its uppermost continuation (which goes to the 
transverse processes of three or four cervical vertebrae) is 
called the ccrvicalis ascendefis^ or sometimes desccndens. 

Longissimus dorsi is the term applied to the inner part of 
the erector spinae ; it is attached to the transverse pro- 
cesses, the metapophyses, and the ribs within their angles. 
Its summit (going to the transverse processes of four or five 
cervical vertebrae) is called the tramversalis cervicis. 

Other minor subdivisions of the erector spinae bear the 
names spinalis, semi- spinalis, multijidus spina, rotatorcs 
spina, and intcrspinalcs, the details of which will be found 
in ordinary works on Anthropotomy. 

I'he complexus is a thick muscle going obliquely to the 
occiput from the diapophyses of the three uppermost dorsal 
and four lowermost cervical vertebrce. A small muscle pass- 
ing from the spine of the axis to the occiput is called the 
rectus capitis posticus major, while the rectus capitis posticus 
minor (inserted below^ the last) springs from the neural arch 
of the atlas. I'he obliqui capitis pass respectively, the inferior 
from the spine of the axis to the transverse processes of the 
atlas — the superior from the latter to behind the mastoid 
processes. 

Inter-transvcrsales connect the transverse processes of ad- 
jacent vertebrae 

7. Of muscles of the upper extremity we have in 
front a large pectoralis major, the fibres of which, arising 
from the clavicle, sternum, and ribs, converge to bef inserted 
into the bicipital groove of the humerus. We have also a 
pectoralis minor, which goes from the third, fourth, and fifth 
ribs to the coracoid process. 

The subclavius is a small muscle placed as its name im- 
plies, and extending from the cartilage of the first rib to the 
under surface of the clavicle. 

A muscle called the serraius vtagnus is really but an in- 
ferior portion of the levator anguli scapulas before described. 
It arises by pointed digitations from eight ribs, and is inserted 
into the base (or vertebral border) of the scapula. 

U 2 
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The deltoid is triangular in outline, and covers over the 
shoulder-joint Springing from the clavicle and the spine of 
the scapula, it , is inserted into the rough prominence on the 
outer side of the shaft of the humerus. 

Supra-spinatus, This name is given to the muscle wliich 
occupies the supra-spinous fossa of the scapula. It is in- 
serted into the greater tuberosity of the humerus. 



Fig. 268.— Anterior Muscles of iheTrunk— the pcctoralis major of the right 
side and the left external oblique l>eing removed. 

I, pectoralis major; cs, pcctoralis minor; 3, suhclavius ; 4, serratus magnus ; 5, 

internal mtercostals ; 6, external oblique . 7, internal oblique ; 8, tinea alba. 

The uifra-spinatusy also named from its origin, is also 
inserted into the same tuberosity. 

The teres mimr is a small muscle inserted like the two 
preceding, and arising from the axillary border of the scapula. 
Ihc major goes from the inferior angle of the scapula 
to the lesser tuberosity, which also gives insertion to the large 
sutfscapularis muscle arising from the fossa of the scapula on 
Us inner surface. 

The cof acO'^brachialiSj small and inconspicuous, springs 
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from the coracoid process, and is inserted on the inner side 
of the humerus. 



Fig 269 — Muscles of the Right Shoi ldfr blade, viewed from behind. 

1, snpra-spinatus , 2, infra-spmatus , 3, teies minor . 4, teres major; 5, latissi- 
mus dorsi near its insertion , 6, .scapular head of tricejis : 7, external humeral 
head of tuceps 

The biceps is the well-known muscle used in flexing the 
arm. It arises by two heads: one a long tendon from the 

0 



Fig. 270. — Inner Astect of Superficial Muscles of Right, Shoulder- 

BLADE AND UpPER ArM. 

1, subscapularls ; 2, teres major ; 3, scapular part of triceps ; 4, internal humeral 
part of triceps ; 5, biceps ; 6, coracoid head and tendon of biceps, on the inner 
side of which is a small muscle, the coraco brachiali.s ; 7, humeral head and 
tendon of biceps ; 8, deltoid ; 9, cut end of pectoralis major, supported by a 
hook, and shown to be folded on itself ; xo, brachialis anticus. 
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margin of the glenoid cavity; the other, shorter, from the 
coracoid process. The muscle formed by the union of these 
heads is inserted into the tubercle of the radius. 

Brachialis anticus. This term is applied to a muscle 
placed beneath the biceps, springing from the front of the 
humerus and inserted into the coronoid process of the ulna. 

The triceps is the largest muscle of the arm, and is inserted 
into the olecranon. It arises by three heads : one (long) 
from the lower border of the glenoid cavity, one (external) 
from the humerus below the great tuberosity, one (ifiternal 
or short) from the inner surface of the humerus. 



Fig. 271. — StipERFiriAL F'livxok Mt;<;ciFsoF Rtr.iir Fork-arm 

I, biceps, 2, brachialis anticus , 3, triceps, 4, ptonator loies : flexor carpi 

radialis ; 6, palmaris longus ; 7, flexor carpi «ln.ins , 8. supinator longus , 9, 
extensor carpi radialis longior ct brevior ; 10, flexor subhmis digitorum ; ii, 
abductor pollicis ; 12, opponens polheis; T3, palmaris brevis. 

8. The 'MUSCLES OF THE FORF.-ARM consist of pronators 
and supinators, flexors and extensors. 

Pronator teres. A muscle thus named rotates the fore~arm 
in the way described in the lesson on the bones of the arm 
under the name ‘‘pronation.” It arises from the inner condyle 



viiL] THE MUSCLES. 29$ 

of the humerus and from the coronoid process of the ulna, 
and proceeds obliquely across to the outer side of the radius. 

The flexor carpi radialis arises from the inner condyle and 
is inserted by a tendon into the second metacarpal. 

'the palmaris longtis also springs from the inner condyle, 
and ends in a fibrous expansion in the palm of the hand. 

The flexor carpi ulnaris arises partly from the same con- 
dyle, partly from the olecranon (the ulnar nerve passing 
between these origins). It is inserted by tendon into the 
pisiform bone and the fifth metacarpal. 

The flexor sublimis digit ortun is (as its name implies) the 
superficial bender of the fingers. It takes origin from the 
inner condyle, the coronoid process of the ulna, and part of 
the front surface of the radius. It divides near the wrist into 
four tendons, which go respectively to the second phalanx of 
each of the four digits. Each tendon splits (before it is 
inserted) to allow a tendon of the deep flexor tendon to pass 
through it — whence the superficial flexor is also called the 
perforatus. 

The flexor profundus digitorum or petf organs arises from 
the ulna and from the membrane connecting that bone with 
the radius. Above the wrist it gives rise to four tendons 
which are respectively inserted into the distal phalanges of 
the four fingers, each tendon passing through the split before 
mentioned as existing in each tendon of the perforated flexor. 

The lumbricales are small M'orm-like muscles (whence their 
name) which arise, in the hand, from the deep flexor 
tendons on their radial side, and are inserted into the same 
side of the respective four fingers. 

Flexor longus poll ids is the name of a muscle which — 
arising from the fore part of the radius and being inserted 
by a long tendon into the last phalanx of the pollex — bends 
the thumb. 

Pronator quaaratus, A short muscle thus named extends 
across from the radius to the ulna towards their distal ends. 

Supinator longus. A muscle w^hich antagonises the pro- 
nators, springs from above the external condyle of the 
humerus and is inserted into the outer border of the distal 
end of the radius. 

The extensores carpi radialis longior and brevjor are two 
muscles which arise, one over the other, from above the 
external condyle of the huments, and end each in a tendon ; 
the first being inserted into the second metacarpal, and the 
second tendon into the middle metacarpal 
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The anconeus is a very small triangular muscle which goes 
from the outer condyle of the humerus to the radial aspect of 
the olecranon. 

ThQ extensor comimmis digiforum stretches the fingers. 
Springing from the fibrous membrane which invests its fleshy 
mass, and from the outer condyle, it divides into four tendons, 



Fig, 272.-~l)iai(’r a Flexor Mi'scli-v 
OE Ric.iit Fork- arm. 

I, extensor carpi radialts brevier; 2, 
supin.itor brevis : 3, flexor profundus 
digitorum ; 4, one of the lumbncalcs; 
5, flexor kngus pollicis , 6, pronator 
quadratus; 7, flexor brevis pollicis; 
8, opjponens poliici*' , 9, adductor 
pollicis ; 10, ongin of the adductor 
minimi digui ; xi, opponens digit! 
minimi. 



Fif. 273 — St'piiRFiciAi Extensor 
M i'sti.hs OF Right Fure-arm. 

i» supinator longus , 2, extensor carpi 
radiahs longiur ; 3, extensor carpi 
radtalis brevior ; 4, extensor os.sis 
mctacarpi pollicis , 5. extensor pnmi 
intcrnodii pollicis ; 6. extensor se- 
cundi internodii pollicis , 7, c.vtensor 
communisdiRitorum; 8, extensor pro* 
prius digiti minimi ; 9, extensor carpi 
ulnaris ; 10, anconeus ; ir, brachialis 
aniicus , 12, triceps; 13, flexor carpi 
ulnans. 


wjich are. respectively inserted into the second and last 
phalanges of each of the four fingers. A more or less sepa- 
rate part, sending an additional tendon to the fifth digit, 
IS reckoned as a distinct muscle and called the extensor 
Mtmmt digttt. 
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The extensor carpi ulnaris springs from the external con- 
dyle and from the ulna, and ends in a tendon going to the 
fifth metacarpal. 

Extensor ossis metacarpi pollicis. This great stretcher of 
the thumb arises from both the ulna and radius (on their 
hinder aspect), and is inserted by a long tendon into the first 
metacarpal. 

The extensor primi internorfii pollicis is a small muscle 
which springs from the membrane between the radius and 
the ulna, and is inserted into the proximal phalanx of the 
thumb, as the extensor sctundi internodii (springing from 
the back of the ulna) is inserted into its distal phalanx. 

The extensor indicis is a narrow muscle which takes origin 
from the middle of the ulna behind, and is inserted into the 
posterior surface of the second and third phalanges of the 
index. 

Supinator brevis. A deep muscle thus named comes from 
the outer condyle and upper part of the ulna, and is inserted 
into the radius wrapping it round somewhat from behind. 

9. Tlie MUSCLES OF THE HAND are numerous, but small, 
'rhe thumb (which has no perforated flexor) is provided with 
a flexor brevis going from the carpus to the proximal pha- 
lanx ; also an abductor from the trapezium to the proximal 
phalanx, and an adductor (placed in the fold of skin between 
the thumb and index digit), going to the same phalanx from 
the middle metacarpal. Besides these there is an opponens^ 
which goes from the trapezium to the outer border of the 
first metacarpal. 

The little finger has also an opponens^ going from the 
unciforme to the fifth metacarpal ; an abductor, from the pisi- 
forme to the proximal phalanx ; and a flexor brevis, from the 
unciforme to the same phalanx. 

Small muscles called interossci arise from the sidcSs of the 
metacarpals and go to the sides of the pioximal phalanges. 
When the back of the hand (the other muscles being dissected 
off) is looked at, four ( dorsal) interossei are seen ; one going 
to each side of the middle digit, one to the radial side of the 
index, and one to the ulnar side of the ring digit. When the 
palm of the hand is looked at, three {palmar) interossei are 
seen : one going to the ulnar side of the index digitj and two 
to the radial side of the fourth and fifth digits respectively. 

10, The ABDOMINAL REGION of the body is invested by 
three great sheets of muscle and membrane. The first of 
these, the external oblique (Fig. 268, 6), springs from outside 
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the eight or nine lower ribs, and its fibres pass downwards 
and inwards (towards the mid-ventral line), being inserted 
by muscle and membrane into the brim of the pelvis, part 
dividing into what are called the “external” and “intemar’ 
tendons of the muscle. Above, this muscle is connected with 
the pectoralis major. 

The deeper abdominal* muscle, the internal oblique^ is re- 
presented by membrane only in the mid-ventral region. It 
passes from the ilium and adjacent structures, up towards 



Fig 274 — Dfei’RR Abdominal Mlscles— the external ohhquc btinjj remove*! 
from the left sjde of the body, and the internal obhque and part of the rectus 
aUo, from it«> right side, 

I, the internal oblique ; its outer tendon (2)15 cut and reflected from the outside 
of the rectus to show its deeper tendon (3), which passes within the rectus 
except towards the pubis; 4, transvcrsalis , 5, Us fascia ; 6, .sheath of the 
rectus -near the pubis, the conjoined aponeuroses of the abdominal muscles 
pass i% front of that muscle , 7. pyHamidalis ; 8, rectus of left side, showing 
the tcndinou> intervals, or tramzTrsar, 

the cartilages of the ribs, its fibres mostly proceeding in the 
reverse direction to those of the muscle last described. 

The deepest of the abdominal muscles, the transversalis^ 
springs from the ilium and lower ribs, and its fibres, proceed- 
ing horizontally, end in an aponeurosis, which meets its fellow 
in the mrd-ventral line. The abdominal nerves extend round 
the body between this muscle and the internal oblique. 

Rectus abdominis. This is a long muscle which, springing 
from the pubis, ascends to the cartilages of the fifth, sixth, 
and seventh ribs. The rectus is separated from its fellow of 
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the other side only by a narrow interval which is occupied 
by a tendinous cord — the linea alba.* 

The fibres of the rectus are interrupted at intervals by 
traitsverse tendinous intersections. 

A small pyramidalis muscle arises on each side of the 
pelvis, and extends from the pubis to the linea alba. 

Quadratus lumborum. This is a /nass of muscle situate 
close to the vertebral column, and extending upwards from 
the ilium to the last rib. 

Layers of fibres between adjacent ribs are called the ex- 
ternal and internal intercostal muscles. The former extend 
from the tubercles of the ribs to their cartilages. The latter 
extend from the sternum to the angles of the ribs. The 
intercostal nerves and vessels are inteiposed between them. 

The levatores costarum are small groups of fibres passing 
obliquely downwards from the transverse processes to the 
respective ribs at their proximal parts. 

Triangularis sterni is the name given to a layer of muscle 
which diverges upwards to the caitilages of the ribs from the 
deep surface of the lower part of the sternum. 

1 1. The diaphra(;m is a very important muscle for respira- 



Fig. 375.— The Diaphragm, viewed from the lower or abdominal side, 'v 

the vena cava inferior ; fTT, the oesophagus : .4(9, the aorta ; Thit).. the 
thoracic duct, cut where they pass through the diaphragm, the broad white 
tendinous middle of which 1*. easily disunguished from the radiating muscular 
fibres which pass down to the ribs and into the pillars in front of the vertebrae. 
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tion, as explained in the Fourth Lesson of “Elementary 
Physiology. It is a partly fibrous, partly muscular partition 
between the thorax and abdomen, perforated for the passage 
of certain organs — namely, the oesophagus, or swallow, 'and 
two great blood-vessels named aorta and vena cava. The 
diaphragm is strongly convex upwards and concave down- 
wards, and is attached to the ensiform cartilage and several 
ribs, to the centra of {he lumbar vertebrae, and to fibrous 
structure binding down the qiiadratus liimborum and other 
muscles. Muscular towards its circumference, the diaphragm 
has a tendinous central portion. 



Fig 276. — Deep Ml'scles within ihl Lcmpar and Pelvic Regions, 

31 , psoas pai^us; 2, psoas mai^nus ; 3, quadratus lumborum , 4, inter-trans- 

versarii , 5, iliacus . 6, obturator externus , 7, pynformis. 

12. The MUSCLES OF THE INFERIOR EXTREMITY, though 
mainly taking origin from the pelvis and leg-bones, yet 
partly ailse from the loins. Thus iho fisoas springs 

from the centra of the lumbar and last dorsal vertebra?, and 
from the transverse processes of the former. Passing out 
over the brim of the pelvis, it is inserted into the lesser 
trochanter of the femur. 

The iliacus occupies the iliac fossa of the pelvis, whence it 
descends and joins the psoas magnus. 

The psoas parvus springs from the bodies of the last dorsal 
and first lumbar vertebrae, and is inserted into the ilio-pecti- 
neal eminence. 

The gluteus maximus is a very large muscular mass which 
arises from the posterior part of the crest of the ilium, the 
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posterior part of the sacrum, posterior sacro-sciatic ligament, 
and coccyx. It is inserted into a rough line below the great 
trochanter. 

The gluteus medius springs from outside the ilium, and is 
inserted into the great trochanter. 



Fig. ^77 —Hind View of thf Musv.liis i* ihe Pelvis and Right Thigh — 
the gluteus maximus and semi-tendi losus being cut aud rcniovM. 

I, origin of the gluteus maxinius ; its insertion; 2, great sacro-sciatic liga- 
ment , 3, gluteus medius ; 4, pvriformn ; 5, tendon of obturator intcnius , 6, 
gemellus inferior (immediately below tf is, without a number, is the quadratus 
femons) ; 7, origin of the semi-tendhiMsus ; 7', its insertion; 8, semi-nicnr- 
branosus; 9, biceps femoris ; to, adducior , zi, gracilis , 12, za, heads of the 
gastrocnemius ; Z3, vastus externus. 


The gluteus mhiimus has a similar oiigin, but deeper, and 
a similar insertion. 

The pyriformis arises from the front of the sacnint, and, 
passing out of the pelvis by the sacro-sciatic notch, is inserted 
into the great trochanter. 
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Muscles named obturator internus and obturator externus 
spring respectively from the inner and outer surfaces of the 
obturator membrane and ischium, and are inserted into the 
trochanteric fossa. Two little muscles {gemelli) arising re- 
spectively from the spine and tuberosity of the ischium, join 
the tendon of the internal obturator above and below. 

The quadratus femoris passes from the tuberosity of the 
ischium to the great trochanter and to the surface of the 
femur immediately below it. 



Fk; 278 — An ij-kior MrsciES(»F ihf Rir.tn Thigh 
j. psoas magnus; 2, ihacus , 3, tensor vaginae fcmons, 4 , gluteus medius : 5, 
sartoniis ; 6, rectus femoris ; 7, vastus cxtcmus 8, vastus internus : 9, points 
to the junction of the extensor muscles near their insertion into the patella : 
10, aponeurosis of the knee ; ii, pectineus ; 12, adductor , 13, gracilis 

A muscle called the tensor vagince femoris passes obliquely 
from the anterior, superior spinous process of the ilium to 
the membrane which binds down the muscles of the thigh 
on the outside. 
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The sartorius^ is a long flat ribbon-like muscle, passing 
obliquely down from the front margin of the ilium to the side 
of the tibia just below the tuberosity. 

The great extensor of the leg, the quadriceps^ consists of 
fou^ parts — (i) the rectus femoris^ passing down from the 
anterior, inferior spinous process and the brim of the aceta- 
bulum ; (2) the vastus externus, and (3) the vastus internusy 
fleshy masses attached respectively to the outer and inner 
sides of the shaft of the femur ; and (4) the crureus, con- 
sisting of fibres springing from the front of the thigh-bone. 
The whole arc inserted, by a tendon attached to the patella, 
into the tuberosity of the tibia. 

Gracilis, A muscle thus named, flat and thin, springs 
from the pubis (close to its symphysis), and is inserted by a 
tendon into the tibia beside the tuberosity. 

The pectincus'^2.^^^% from the ilio-pectineal line to the 
femur below the lesser trochanter. 

The adductores longnsy brevis, and magnus, pass down- 
wards and outwards from the pubis to the femur, and arc 
lespectivcly inserted into the middle third of the linea 
aspera, into below the lesser trochanter, and into the whole 
length of the linea aspera down to the inner condyle. 

Three muscles, called the ham-stiing muscles, are— (i) the 
biceps femorisy which springs both from the femur and (by 
tendon) from the tuberosity of the ischium, and is inserted 
into the head of the fibula ; (2) the semi-tcndtuosus, which 
arises from the ischium in common with the last, and is 
inserted inside the tibia, below its tuberosity ; (3) the semi- 
membranosus, which springs from the tuberosity of the 
ischium (in front of the origin of the biceps), and is inserted 
triply, (a) into the tibia behind its inner tuberosity, (b) under 
the internal lateral ligament at the side of the inner tubero- 
sity, (c) into the external condyle of the femur. ^ 

13. The MUSCLKs OF the leg consist in front of seven 
muscles. 

The tibialis anticus extends along the outer side of the tibia 
downw'ards from its outer tuberosity, and ends below in a 
tendon which is inserted into the cnto-cuneiforme and first 
metatarsal. 

The extensor proprius hallucis arises from the fijbula and 
the interosseous membrane connecting that bone with the 
tibia. Its tendon is inserted into the second phalanx of the 
great toe. 

The extensor longus digitorum pedis arises from the fibula 
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and interosseous membrane and outer tuberosity of the tibia. 
Below, it ends in four tendons going respectively to the second 
and third phalanges of the four outer (peroneal) digits. 

The perofuus tertius is placed on the front of the fibula's 
lower third, and its tendon is inserted into the dorsum of the 
fifth metatarsal. 

The extensor brevis digitoruia pedis springs from the dorsal 
surface of the calcaneum and its annexed ligaments, and 



Fig. 279.-~M(;i.CLES of Oi'ter .Sjoe and Front of Right Leg. 

X, external lateral ligament ; 2, tilnahs aniiai^ ; 3, exten!>ur hallucis ; 4, extensor 
lungus dtgitorum pedis , 5, peroneus tertius ; 6, gastrocneiums , 7, peroncus 
longus ; 7 , its tendon , 8, peroneus brevis; 8 , its tendon , 9, annular ligament ; 
10, exteu.sor brevis pedis ; 11, abductor minimi digiti pedis. 

• 

ends in four tendons, the most internal of which is inserted 
into the first phalanx of the hallux. The other three become 
respectively united to the long extensor tendons of the three 
next digits. 
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A remarkable muscle, the peroneus longus^ arises from 
the outer, upper two-thirds of the fibula and from the ex- 
ternal tuberosity of the tibia. It ends in a tendon which 
passes behind the external malleolus, and then obliquely 
across the sole of the foot to the first metatarsal. 

The peroneus brevis springs from the outer, lower half of 
the fibula, and ends in a tendon which, also passing behind 


Fk; 280 — Si'PFRFiciAL Flexor Musci ES OF Right Leg. 

I, tendon of semi-inembrannsus 2, 2, hc.ads of K.Tstrocnemms ; 3, plantaris : 4. 
sulcus; 5, great tendon of g.istjocncmius, continuous below with (6) the tendo 
AchilUs ; 7, peroneus longu;. ; 8, peroneus brevis ; 9, flexor longus digitoruin 
pedis ; so, ttbtahs posticus. 


the external malleolus, is inserted into the base of the fifth 
metatarsal. 

Behind the leg we have seven muscles. 

The gastrocnemius (forming the bulk of the calf of the leg) 
consists of two fleshv heads, arising each by a thick tendon 
from above each of the condyles of the femur™ -one external, 
one internal. They unite and send down the very strong 


X 
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tendo A chillis to be inserted into the tuberosity of the cal- 
caneum. 

The soleus lies beneath the gastrocnemius, and arises 
from behind the upper part of the fibula and tibia, while 
below it joins the tendo Achillis. 

The plantaris springs from the femur above the external 
condyle, and gives rise to a very long tendon which goes to 
the calcaneum beside the tendo Achillis. 



Fig. 281. — Deei* bmxoK Mvisci.es of Right Leg, 

I, popUteus; 2, tendon of semi-membranosus , 3, external lateral ligament o< the 
knee joint ; 4, cut upper extremity of soleus , 5, flexor longus digitorum p^is ; 
6, flexor longus hallucis ; 7, tendon of tibialis posticus , 8, peroneus longus ; 
p, peroneus brevis , 10. accessorius ; n, abductor lullucis, cut short ; 12, flexor 
brevis hallucis ; 13, abductor digiti minim b cut short ; 14, flexor brevis minimi 
digiti. 

The popliteus is a short oblique muscle which takes origin 
by a thick tendon from a pit outside the external condyle, 
and is inserted behind the tibia above the oblique line. 
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A muscle bends the toes, called the flexor longus digitorum 
pedis y arising behind the tibia below the popliteus. It ends 
in a tendon which passes behind the internal malleolus and 
beneath the calcaneal arch, and then divides into four ten- 
dons— one for each of the four outer digits at their distal 
phalanx, each perforating in its passage a tendon of the 
flexor brevis digitorum. 

The long flexor is connected with a small muscle called 
flexor acccssoriusy which passes to the tendon of the flexor 
longus digitorum from the calcaneum. 

The flexor longus pollicis pedis springs from the posterior 
surface of the fibula and the interosseous membrane. It 
ends in a tendon which passes behind the internal malleolus, 
•grooving the tibia, astragalus, and calcaneum. In the sole 
It gives off a tendinous slip which joins the tendon of the 
flexor longus digitorum, and then ends by being inserted into 
the distal phalanx of the hallux. 

'fhe tibialis posticus arises from the hinder surface of the 
t bia (below the popliteus) and from the interosseous mem- 
brane. It ends in a tendon which first passes beneath the 
internal malleolus along a special groove, and then beneath 
tlie calcaneum, to be inserted into the tuberosity of the 
naviculare and the first metatarsal. 

14. The MUSCLES OF THE FOOT, besides the flexor acces- 
sorius already noticed, consist of the following : — 

The abductor pollicis pedis, which arises from the inner 
side of the calcaneum, and is inserted into the inner border 
of the first phalanx of the hallux. 

The flexor brevis digitorum (or per/orafus) arises from 
the great tuberos.ty of the calcaneum and from membrane, 
and ends in four tendons corresponding with the four smaller 
toes. Each tendon is inserted into the second phalanx of a 
digit, but splits opposite the proximal phalanx of the same 
digit in order to allow a tendon of the long or perforating 
flexor to pass through. 

The abductor dig/fi minimi springs from the outer border 
and under surface of the calcaneum, and ends in a Icndon 
inserted into the proximal phalanx of the fifth digit. 

The lumbncaies, like those of the hand, arise from the 
tendons of the perforating flexor, and are respectivelyjnscrted 
into the base of the first phalanges of the four outer toes. 

The flexor brevis pollicis pedis springs from the cuboidcs 
and ecto-cunciforme, and is inserted into the inner and outer 
borders of the first phalanx of the hallux. 
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The abductor pollicis pedis takes origin from the cuboides 
and third and fourth metatarsals. Passing obliquely, it is 
inserted conjointly with the external insertion of the flexor 
brevis pollicis. 

The transversus pedis is a narrow band stretching from 
the distal ends of the metatarsals and blending with the 
insertion of the adductor pollicis into the first phalanx of the 
hallux. 

The interosseous muscles are like those of the hand, except 
that it is the second digit, not the third, which has two dorsal 
interossei. This condition results simply from the fact that 
the origin (from the metatarsal) of the fibular interosseus of 
the second digit is placed on the dorsal side of the tibial 
interosseus of the middle digit. 

Such is the normal condition of man’s muscles, but these 
structures are liable to considerable individual variation. 

15 On turning to other Vertebrate animals in order to 
estimate the peculiarity of man’s muscular structure, we find 
that, as regards the muscles OF THE head and neck, 
the occipito-frontalis truly belongs to a distinct category of 
** skin-muscles,” whereof the platysma my aides also forms a 
part. This dermal group of muscles is very feebly repre- 
sented in man compared with w^hat we find in brutes, e.g. 
the Horse, where it is termed the pa nni cuius carnosusy and 
by its contractions produces those twitchings of the skin 
which must be familiar to most readers. It is most de- 
veloped in such forms as the Porpoise (where it envelops the 
whole body from the occiput to the tail end), the Echidna, 
and the Hedgehog. In the last-named animal it is so com- 
plex that it may be divided into nine pairs of muscles, one 
pair being the “ occipito-frontalis.” When all these muscles 
contract, the animal becomes “rolled up,” the limbs be- 
comings as it were, enclosed in a muscular bag. The panni- 
culus is commonly inserted into the arm and leg, and pan 
of it may, as in the Echidna, be applied round the mammary 
gland, which it serves to compress. 

Muscles such as those which exist in man’s face may be 
wanting altogether, as eg. in the Tortoises, but some of them 
may, as we shall see, be much more developed in certain 
animals than they are in him. 

Thus we may have his superior auricular represented by 
two muscles, and his anterior auricular and his posterior 
auricular by four, together with two or three extra muscles, 
as in the Horse. 
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Palpebral muscles may be wanting, as in Serpents, and the 
orbicularis palpebrarujn may be atrophied, as m Whales, or 
replaced by a complete sphincter, as in 7 eti aodon. 

The muscles of the nasal region^ so important for expres- 
sion, 'do not in most animals attain the distinctness they do 
in man. Yet they may be distinct where little expression is 
to be detected, e.g, in the Great Ant-eater. They may all 
abort, as in the Crocodile, or they may receive certain addi- 
tions, as in the Pig, where two muscles arise, one on each 
side, from the zygoma and maxillary bone, and unite together 
above the end of the snout, which they elevate ; while two 
other muscles (which depress the snout; take origin, one on 
each side, from the zygoma, and are inserted into the median 
septum. In the Mole there are even four on each side, all 
arising above the ear and passing forwards between the tem- 
poral and massefer muscles, to be inserted into the extremity 
of the muzzle. 

The most exceptional modification of the nasal and labial 
muscles is, however, found to exist in the Elephant, where 
they form its remarkable trunk. For this purpose two 
muscles (elevators) take origin, one on each side, from pro- 
cesses above the nasals. Another pair (depressors) spring 
from the pre-maxillae, while a third pair (lateral, longitudinal 
muscles) take their origin from the frontal and maxillary bone 
on each side. Besides these there are intrinsic muscles of 
the proboscis, the fibres of which radiate from the nasal pas- 
sages to the inner surface of the skin, and tend to keep 
the former open. 

Another peculiar condition is that existing in Cetacea, w'hich 
will be noticed in treating of the nose as a sense organ. 
Here, however, it may be mentioned that in the Porpoise a 
muscular layer spreads forwards from the frontal bone over 
the posterior nasal structures, and another layer spreads back- 
wards from the maxillary bone over the anterior na^l struc- 
tures. It is by the contraction of these muscles that the nasal 
passage is opened while the nasal sacs are compressed and 
their contents ejected. 

The masseter may attain a relative size and complexity 
which are very much greater (especially when compared with 
the simultaneous condition of the temporal) than in man. 
This great development is well seen in certain Rodents, eg, 
Lagosiomus ai^ the Agouti, where the masseter is divided 
into three portions, and traverses the singularly enlarged 
infra-orbital foramen spoken of in describing the skeleton. 
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This muscle, even in Mammals, may be blended with the 
temporal, as is the case in the Two-toed Ant-eater. 

The temporal muscle of man is but very poorly developed 
compared with what we find in many other forms, such as the 
Tiger. It may, on the contrary, be less developed relatively 
than in man, as in the Hare. It may be divided into three 
or four portions, as in the Fowl and Goose. 





Fig 282 —Si I'l KUCiAL Mi s(i ps op Ru.m Sidf of Mfnopoma 


A A, adductor arruutn ; /i, biceps; (A, cim.sirict(>r .ircuum ; 0, constrictor 
faucmin ; /J, deltoid. /)’, digastric, /-'/<, extensor Jongu.s , ’ A'.t external 
oblique; LA, levator arcuum , L/>, latissimus dorsi ; masseler, Af//‘ 
anterior part of mylo-hyoid , MU^, posterior p,ir» of myJo-hyoid , S, sub- 
claviusr SL, supinator longus ; trapezius ; 7, trueps ; U, ulnans 

The pterygoid muscles of man are essentially similar to 
^he same parts in the whole of his class ; but these muscles 
may be indistinguishably united into one, as in Menopoma^ 
or with the temporal, as in Menobranclius (Fig. 286). 
Thev may be very large, as in venomous Serpents. 

la The orbital .muscles of man present a condition 
which is normal, these parts exhibiting a remarkable con- 
stancy in vertebrate animals. 

Such parts, however, may be entirely wanting even in 
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Mammals, e.g. Talpa and Spalax; and in LepidosireUy the 
Lamprey, and Lancelet amongst Fishes, 

On the contrary, muscles may be developed which do 
not exist in man at all. 

Thus in most Mammals {e.g. the Horse) a conical funnel- 
shaped muscular mass may spring from around the optic 
foramen, and, passing within the recti, attach itself to the 
sclerotic. 



Fig. aSj — "Drei’kr Muscles of Right Side op Menopoma (ilie mylo-hyoids 
and trapezius being removed or cut short). 


A A, adductor arcuum , CA, con.strictor arcuum; CF. constrictor faucium , CHE^ 
oerato-hyoideus exlernus; C///, ccrato-hyoideus interns ; />, deltoid , />‘ and 
digastric, 7i-rO, external oblique; C//, genio-hyoideus , /«0, internal 
oblique LAS, levator aiiguli scapulae ; LD, latissimus dorsi , M, masscter , 
,S’, subclavius ; S J/, serraius magnus , T, trapezius. 

This mass may divide itself into two portions, as in the 
Rhinoceros ; three, as in the Frog; or into four, as in the 
Porpoise. In the last case we have thus four supplementary 
recti mu.sclcs within the four normal ones. 

It may be that the superior oblique muscle doesjiot pass 
through a pulley. It does not do so in Vertebrates below 
Mammals, where it arises at the front part, not the back of 
the orbit. 

The two oblique muscles may thus arise, one above the 
other, from the inner angle of the orbit, as in the Frog and 
in Fishes. 

The muscles of the eye may take origin in part from the 
basis cranii and in part from the fronto-parietal, as in the Frog ; 
or they may spring from within a bony canal situated beneath 
the basis cranii, as in many bony Fishes, eg. the Carp. 
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The eye muscles may attain a prodigious length, as in the 
Hammer-headed Shark, where they arise from the ' basis 
cranii and extend the whole length of the prolonged lateral 
processes which support the eyeballs at their ends. 

There may be a distinct depressor of the lower eyelid, hnd 
in addition to this, other muscles may be developed in con- 
nexion with the third eyelid, which is of large size in so many 
animals, notably in Birds. 

The third eyelid may be furnished with a muscle which, 
arising from the temporal side of the orbit, passes through 
a muscular and ligamentous loop, and is inserted into the 
third eyelid’s inferior margin. 

This muscle may be, as in the Frog, furnished with a tendon 
which forms a loop over the conical muscular mass of the 
eyeball, so th it when that muscle swells by the retraction of the 
eyes the loop ncjesoarily contracts, and thus moves the eyelid. 

It may be, as in the Crocodile, that the muscle of the third 
eyelid takes origin from the upper and inner part of the eye*'" 
ball, and, passing downwards round the conical muscle anU 
optic nerve, reaches the lower angle of the third eyelid. 

Finally, as is the case in Birds, it may spring from the 
lower, nasal side of the eyeball and end in a tendon which 
proceeds to its insertion as in the Crocodile, except that 
it passes through a pulley formed by the tendinous sheath of 
a second muscle (the quadratus nictitantis) which arises from 
the sclerotic at its upper and back part, and ends in forming 
the sheath aforesaid. As in Birds there is no conical muscle, 
this quadrate one is probably its representative. 

Another muscle may also exist, as in the Frog, forming a 
sort of fleshy sheet on which the eyeball rests, and which 
protrudes the eyeball by its contraction. 

17. As to the MUSCLES OF THE NECK. 

The sterno-cleido-mastoid of man really represents what 
are two nfuscles in many other animals, viz. a sterno-mastoid 
and a cleido-mastoid. Nevertheless it may be a single 
muscle even in Reptiles, as in the Iguana. 

The sterno-mastoid may be wanting altogether, as in 
Birds and Batrachians. 

The cleido-mastoid may also be wanting, and it may, as in 
the Horse ^(by suppression of the clavicle and uninterrupted 
union with’the deltoid or pectoralis), extend directly from the 
skull to the humerus as a cephalo-humeral, or even to the 
ulna, as in Hyrax. 

In cold-blooded Vertebrates this muscle may be attached to 
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the fronto-parietal or to the suspensorium, and it may, even 
in Mammals, be inserted above into the mandible, as in 
the Horse, 

The digastric of man is closely resembled only by the same 
muscle in his own order. In other Mammals, eg, the Dog, it, 
has but a single belly ; and in lower Vertebrates the muscle 
which commonly receives this name has a very different 
position. Thus in Birds and Reptiles it descends from the 



Fig. 284. 

No. i.—Musclbs of Neck and Shoulder of Iguana^ the trapezium and 
deltoid being cut short. 

Z>, biceps; BA^ brachialis amicus; CM, cerato-mandibular ; CM a, complexus 
major; CMi, complexus minor; />* and t^vo parts of deltoid; DM, 
digastric ; EH, epicoraco-humeralj or sub-clavius . IS, infra^spinaius ; LC, 
levator claviculae ; OH, omo*hyoid ; P, pectoralis; SCM, sterno*cleido' 
mastoid; SMg, serratus magnus; 7'*, external long head of triceps; T'^, 
external humeral head of triceps ; Tz, trapezius , x, part of comp^pxus. 

No. 2. — DbEFEK Muscles. 

CA, cervicalis asicendens ; CMa, complexus major, CMi, complexus minor, 
DM, depressor mandibulx ; RAM, rectus capitis anticus major , RPM, rectus 
capitis posticus major ; .SV, scalenus ; SCM, sterno-cleido-mastoid ; x, part of 
complexus. 

hinder part of the cranium to the posterior end of the man* 
dible, and in some Birds is divided into three portions. 

The stylo-hyoid of man is a muscle constant in his class, 
but of variable size. It may be of extraordinary length, as in 
the Great Ant-eater, and it may be, as in the Horse, re- 
latively shorter than in man, the bony extent of the anterior 
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cornua being so much greater than in the human structure. 
It may be attached above to the par-occipital process, as in 
the Horse, or to the posterior part of the lower jaw, as in 
some Birds, e,g, the Fieldfare. 

The stylo-glossus and stylo-pharyngeus present few dif- 
ferences in Mammals, except that the former may take origin 
from the paramastoid process (as in Hyrax), or low down on 
the anterior cornu, as in Ruminants. 

The mylo-hyoid even in Mammals may be quite discon- 
nected with the hyoid, and it may be exceedingly elongated 
and divided into several antero-posteriorly successive parts, 
as in the Great Ant-eater. The hindmost part may, even 
in man’s class, take origin from the sides of the occiput, as 
in the Echidna. It may be very large, as in Menopoma 
(Fig. 282). 

The gcnio-hyoids are very constant, existing down to 
Fishes. They may be inserted into the cornua (not the body) 
of the hyoid, as in Birds and Fishes, or into fascia bounding 
the body of the hyoid beneath, as in Menopoma^ or into the 
uro-hyal, as in Mcnobranchus, 

The hyo-glossus of man, arising as it does from three parts, 
might be expected to present (as is the case) variations in 
other animals in accordance with the varying development 
of its three points of origin, namely, the body, and the lesser 
and greater cornua respectively of the os-hyoides. 

By a yet further modification the hyo-glossus may be de- 
tached from the hyoid and blended with a sterno-hyoid also 
detached from the hyoid, so that we have an enormously long 
muscle entering into the substance of the tongue, but taking 
origin as far back as the xiphoid cartilage. Such is the case 
in the Great Ant-eater, where the hyo-glossi arc reinforced 
by small muscles springing from the anterior cornua. Both 
lateral an^i median muscles exist in most Birds, and lateral 
muscles {i.e. from the cornua to the tongue) exist in Reptiles 
and the Frog, and even in some Fishes, all but tongueless 
as are the last-named animals. 

The geniO’glossus may take origin from the sides of the 
mandibular rami instead of from the symphysis, as in Ser- 
pents, or it may have two origins (one from the symphysis and 
one from the side of the mandible), as in the Cireat Ant-eater. 
This muscle may be wanting altogether, as in Fishes, and 
even amongst Birds — while nevertheless it exists not only in 
Reptiles but also in Batrachians ip,g, the Frog, Salamandra, 
and hfembranckus). 
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cornua. Thus we may have^ — i. Muscles connecting the 
hyoidean ahd branchial arches {e.g, the cet^atoAiyoideus ex- 
ternus and intemus), 2. Muscles connecting the branchial 
arches of each side {eg, the constrictores arcuum of Meno- 
branchus, 3. Muscles suspending the branchial arches to* the 
parts above them — as the levatores arcuufn of Menobranchus. 

The conditions of man’s sterno-hyoid are very generally 
present, but the muscle may be wanting, as in Chelonians, or 



Fig 286 — Superficial Muscles of Right Side and of Extensor Surface 
OF Right Pectoral Limb of Menobranchus. 


AB^ adductor branchiarum ; biceps , C/*, constrictor pharympis; CHE, ccrato- 
hyoideus cxternus , D, deltoid ; Di, first part of digastric ; EB, extensor 
brevis; EL, extensor longus , ExO, external oblique; LA, levatores 
arcuum; LA^, first part of the same; LD, latissimus dorsi , M, masseter . 
MH*, roylo hyoideus posterior, <7//, omohyoid , S, subclavms , .S'/.* and 
SL^, supinator longus, T, temporalis, Ts, tiapezius; 7'*,'t«ccps; 
uinans. 


arise as far back as the xiphoid, as in the Ant-eaters, It 
may unite with its fellow to form a thick azygos muscle, as 
in the Dolphin, or arise from the anterior ribs and be inserted 
into the mandible as well as into the cornua, as in Serpents. 
It may also form part of a great muscular mass passing un- 
interruptedly from the pelvis to the hyoid, as in Menabran- 
chuSy and thus we see that it enters into the composition of 
that part of each great lateral muscle which in Fishes is 
inserted into the median portion of the hyoidean arch. 

A separate ^terno-thyroid and ^ distinct thyro-hyoid are 
structures peculiar to man’s class. The former blends with the 
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sterno-hyoid even in the Platypus. It may, as in the Great 
Ant-eater, take origin as far back as the eighth bone of the 
sternum. 

.The omo-hyoid may be wanting even in Mammals, as e,g. 
in the Dog. We find it, however, in Reptiles and Batrachians, 
though absent in Birds. It may arise from the clavicle (as 
Igttana), from the pre-coracoid (as Menobranchus)^ or be 
bent at almost a right angle, looping round the sterno- 
mastoid (as in the Chameleon). 

18. In the VKRTEBRAL REGION there may be three scaleni 
muscles, as in man, or but one. They may vary also as to 
the number of ribs from which they take origin, and may 
reach even to the basi-occipital (as in the Agouti), or to the 
mastoid process (as in the Dolphin). They may be plainly 
but a continuation forwards of the levatores cost arum, as in 
Birds. 

They may be feebly developed, as in Reptiles, extending as 
in Iguana from the first four cervical vertebreC, or from the 
atlas, to the first cervical rib, as in Iguana and Chameleo. 
Finally, the scaleni may be indistinguishably blended with 
the dorsal muscular mass, as in Batrachians and Fishes. 

The rectus capitis anticus major may attain a much greater 
development than in man, extending down to the sixth dorsal 
vertebra. 

I'he longus colli may arise as far back as the seventh 
dorsal vertebra, as in the Agouti. 

We may have in Chelonians (e.g. Emys) a very elongated 
muscle extending from even the hindmost thoracic vertebrae 
and going to the basi-occipital, and beneath this a series of 
little muscles (extending each from one vertebra to the next 
but one in front) connecting together the cervical vertebra' 
and the anterior dorsal ones. 

Again, we may have a simple muscular mass«answcring 
apparently to both longus colitis and rectus anticus. Thus 
in the Chameleon wc have such a muscle arising from the 
first eight or nine vertebrae, and going to the basi-occipital. 
The origin may be much more extensive in Serpents (where 
the hypapophyses afford points of origin), and in certain 
Batrachians (e.g. Menopoma and Mcnobranchus) a corre- 
sponding muscle stretches on each side from beneath the 
basis cranii throughout the whole trunk, and, diminishing 
backwards, ends (or rather arises) in the sub-vertebral part 
of the pelvic region. 

The rectus lateralis is really but the highest of the inter- 
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transversals. It is a canstant muscle in man’s class, varying 
in size with the dimension of the atlantic transverse process, 
and therefore being large in the Carnivora. 

The pharyngeal muscles of man are structures which .are 
exceptional amongst Vertebrates, as they are developed in 
the highest class alone. 

In Birds, Reptiles, Batrachians, and Fishes there pe no 
proper constrictors of the pharynx, but only fibres w'hich are 
quite homologous with those of the oesophagus. 



F[(.. 2S7.— SUFERUCIAL MlSCIES OF ExTENSOH Sll>t' Ol LhO AND OF l'ARI«i 
OF Trunk and Tail ok Mknoi'Oma. 

erector tpinae— -directly continued into dorsal half of tail : ELD, extensor 
longus digitonim pedis * /C, femoro-caudal ; GMx, prot)ably rectus femoris ; 
/. muscle resembling iliacus \ I LC^ iJio-caudal ; //^ il o peroneal ; RF, part 
of great extensor of thigh ; SM and muscles like the .semi-membranosus 
and senii-iendinosus. 

These fibres may, however, form a well-developed pha- 
ryngeal sphincter, as in Fishes, and serve for moving tnose 
“ throat-jkws,” the pharyngeal bones, which exist in so many 
of the lowest Vertebrate class. 

Much variety in form and in the details of attachment may, 
however, exist in the Mammalian pharyngeal constrictors, 
and we may find a greater degree of complexity than in man. 
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The muscles belonging to man’s palatal region are special 
Mamm^ian muscles, and present in the class generally the 
same disposition as in him. The pendulous palate becomes 
in the Cetacea a muscular canal prolonging the posterior 
nares to the elongated larynx which it embraces. 

19. The MUSCLES OF THE BACK of man present characters 
as exceptional, when compared with those of Vertebrates 
generally, as does his axial skeleton. The non -development 
of a tail and the large size of the upper extremities are occa- 
sions in him of muscular conditions which differ greatly from 
those presented by many other forms. 

Thus the first and second layers may be entirely wanting, 
and the other muscles may be represented (as in Menopoma 
zxxd. Menobranchus) by one great mass, running from the head 
to the end of ihe tail on each side of the vertebral neura- 
pophyses ; and this again may be, as in Fishes {e.g. the Perch), 
divided by a number of aponeuroses more or less at right 



Fig. 288 — Superficial Muscles of the Pfrch. The fin-rays of all the fina. are 
cut ^hort off. 


I, ^reat lateral muscle, showing the numerous more or less vertical tendinous 
intersections slightly inflected forwards and backwards , 2, small superficial 
muscles inserted into the fin-rays of the dorsal and ventral fins ; 4, slender 
longitudinal muscle running (in the inters'al of the summits of the two great 
lateral muscles) between the dorsal and caudal fins ; 5, similar muscle on the 
ventral margin, which also appears betw-een the anal and ventral fijjs , 6, small 
radiating muscles of the caudal fin ; 7, part of the great lateral muscle inserted 
into the skull , 8 and 9, cleVators of the operculum , 10, elevator of the palato- 
quadrate arch ; ir and 12, muscular mass which by its contraction closes the 
jaws; superficial muscles of the pectoral fin, 14 and 15, muscles of thr 
ventral hn. 

angles to the backbone, so that the dorsal muscular mass 
comes to consist not of segments extended in the line of the 
skeletal axis, but of segments extending almost at right angles 
to that axis. 

The muscles of the back may be much less developed, re- 
latively, than in man, as is the case in Birds ; or they may be 
all but absent, as in Chelonians. They may, on the contraiy. 
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be excessive in mass, as in most Fishes, or in complexity, as 
in Serpents. 

The trapjzms is a very constant muscle, but may be much 
more restricted or more extended in its origin than is the 
case in man. It may also be divided into two portions, as 
notably in the Mole, where the two origins are very wide 
apart : (i) the occiput, and (2) the first two lumbar ver- 
tebrae. It may be very small, as in Menobranchus (Fig, 286) ; 
or may unite with the latissimus dorsi, as in Anguis p^agilisi 
or with part of the deltoid, so as to go directly to the humerus, 
as in some Mammals without clavicles. 

In Bats a long slender segment of this muscle may pass 
along the upper margin of the wing membrane from the 
occiput to the distal phalanx of the pollex. 

In the Flying Squirrel Pteromys a similar muscular band 
goes to the rudimentary pollex, but it springs from the zy- 
goma, and is therefore rather a modification of the platysma 
myoides than of the trapezius ; as it is also in Galeopithccus. 



i lC 28^ —Mt SCLFS OF THE VpNTRAL ASPECT OF THE HrEAST AND Lf 1 1 
VViNf, OF AN Eagi e ' Aqui la /utosa), 

{.After A. Milne- Edwards.^ 

I, pectoralis major, sending out a slip, ^ (as the tensor petagil longtis) to the first 
metacjtrpal; 3. tensor petagii brevis; 4, biceps: 5 triceps, 6 , bra''hiahs 
anticus ; 7, pronator brevis ; 8 , pronator longus ; g. Hcxor carpi ulnans ; 10, 
extenyor metacarpi nidialis longus ; ri, extensor carpi radialis; 12, alniuctor 
polUas ; 13, points just above a long tendon of the flexor profundus ; 14, flexor 
brevis digttorum 

I n Birds an analogous and similarly slender muscle goes 
to the pollex or to a sesamoid at its base, but this muscle 
IS often an oflfshoot from the pectoralis major, though it may 
contain fibres from the deltoid or from the biceps— showing 
in what diverse ways a similar want may be supplied. 

The Ii(ramentum nuchcB of man is but a rudiment of that 
vast band, or sheet, of fibres which in many animals (eg, the 
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Horse) extends from the spines of the dorsal vertebras to the 
occiput, sending down a lamellar expansion to the spines of 
the cervical vertebrae. In the Giraffe it extends back even to 
the sacrum. 

This ligament may become ossified, as in the Mole. 

The latissimus dorsi is another nearly constant muscle, 
though of varying extent. It may, as in many Apes, send a 
slip on to the olecranon, or even, as in the Echidna, to the 
flexor carpi ulnaris with which it blends. It may be divided 
into two parts, as is the case in the Echidna. It may arise 
within the ribs, as in Chelonians, e.g. Emys. It may be 
very small, as in Me^iopoma (Fig. 282). Finally, it may com- 
pletely unite with the trapezius, as in Anguis fragilis, or it 
may be altogether wanting. 

The rhomboidei may be more divided than in man, as in 
the Mole; or single, as in the Hawk; or absent, as in the 
Apteryx and apparently in lower forms. A rhomboideits 
capitis, which sometimes exists in man, is often present in 
lower forms, as e.g. in Lemur and Nycticebus. 

Levator anguli scapulae. This is essentially and morpho- 
logically the anterior part of that great muscle by which, in 
quadrupeds, the trunk is slung between the summits of the 
scapulcE—the greater part of which goes by the name of the 
serratus magnu:s— than a really distinct muscle. 

There is a muscle commonly existing in Mammals, but 
which is developed only by rare exception in man. This 
(the levator claviculce) extends from the atlas to the scapula 
or to the clavicle ; it is well seen in Apes. It is a muscle of 
considerable constancy, as it is found of a very large relative 
size in Reptiles, e.g. Iguana (Fig. 284). It may arise from 
the occipital region, as in Chameieo. 

Another muscle, not found in man, but developed in some 
Mammals {e.g. the Horse and Hyrax), is termed the stcnio- 
^capular. It extends from the sternum ov’ei the Scapulo- 
humeral articulation to the superior vertebral angle of the 
scapula. 

The serrati post id superior and inferior are both repre- 
sented in many Mammals by one single continuous muscle, 
which seems to attain its maximum of development in the 
Hyrax. Only the inferior serratus posticus may be present, 
as in the Three-toed Sloth, while sometimes (as in\hc Bats) 
it is the superior which is exclusively, or all but exclusively, 
developed. 

The spleuius capitis is a muscle the possession of which 
Y 



322 


ELEMENTARY ANATOMY, 


[U£SS. 


man shares with his class, but which may have no distinct 
representative in non-mammalian forms which are higher 
than Batrachians, e.g. in the Iguana. 

The splenius colli is present only in a few Mammals. 

The erector spina presents in man a degree of differentia- 
tion not generally found in animals below his class. Thus in 
the Iguana and Chameleon it is but divisible into the longi- 
tudinal parts answering respectively to the longissimus (torsi 



Fig 250 — DfiErER Mo'sclks ok Outer Siur hinder pari ok Tki nk and 

ANTERIOR PART Oh TaID, AND OF THE DokSAL (eXTKNSOk) SiDF OK Kk.H T 

Pelvic Limh ok Menibnimfuis — ihc Kluteus riuximus, rectus fcmoris, and 
extens >r lon^jus ciigUoram b<.ing cut and reflected 

/iV/, exten^or halliicis . ELD, extensor longus digitorum, ExO, external 
oblique . ^C’, femoro < audal , < 7 , gracilit ; GAJd, gluteus iiicdtus , 

gliueus minImu^ , C^tx and KF, great extensors of thigh, /, iliacus (V), 
//(’, ilio*Land.il , IP, ilio peroneal , .S. sarlonus , semt-membraiiosiis , 
S7\ s^mi-ten Jino>u-> , TA and TA \ tibiahs anticus. 

and sacro lumhalis, ani continuing, with the intervention of 
certain neck muscles, from the cranium to the end of the 
dorsum of the tail But a greater simplicity still^may exist, 
as in Tailed- Batrachians (e.g. Afenopoma Afenoht amiius)^ 
where, without the intervention of any such neck muscles, a 
simple, or more or less tenclinously intersected muscular mass 
extend') from the skull directly to the end of the dorsum of 
the tail. This dorsal muscle mav be reduced to a mere nidi- 
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ment, as in Emys, where it runs between the transverse and 
neural processes and the carapace. 

The cenncalis ascendens. This anterior continuation of the 
sacr.o-lumbalis is of great constancy, appearing even in 
Reptiles, e.g. Iguafta and Chameleo, 

Transversalis cef'vicis. This muscle, which is the anterior 
prolongation of the longissimus dorsi, is less constant, as in 
at least some Reptiles, e.g. Iguana and Chamcleo (Fig. 284), it 
does not seem to have any distinct existence. 

The complcxus is a muscle of great constancy, as it is 
found in Reptiles, e.g. Iguana and Chameleo (Fig. 284), while 
even in Batrachians and Fishes it must be considered as 
included in that part of the dorsal extensor mass which 
adjoins the head. 

The rectus capitis posticus major \% relatively much smaller in 
man than m many Mammals, compared with the rectus capitis 
posticus minor ; while man’s obliqui capitis are also relatively 
smaller than in very many. Thus in the Horse the posterior 
oblique has ten times the bulk of the more normally developed 
rectus posticus minor, 

A whole series of muscles may be developed which in man 
are entirely absent. These are the numerous muscles which 
move the tail, and which may obtain a vast bulk, as in the 
Cetacea and in Fishes. 

To describe these muscles in detail would rather come 
within the scope of a treatise on the Comparative Anatomy of 



4 3 

Fk, ?9i — Di-u.ram of Cai dai Mrsci tsof Right Siof of Tail ok Jeunna, 
showing liuw the vcntr.il mass resembles the dorsal part, and how the ten- 
dinous inttri>cciionsof the muscular fibres are drawn out into cones. 

A', neural spine , //, hypapophysial sjuoe , c. rygapophysis , /, transverse process , 
I, dorsal scries of cones; 2, upper lateral series of cones; 3, lower series of 
cones , 4, sentral scries of cones 

• 

animals than within that of the present work. Here, however, 
it may be stated that the enormous coccyx of the Porpoise is 
provided not only with dorsal muscles which continue on 
backwards the erector spime (with its main divisions) from 

Y 2 
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the occiput to the tail end, but also possesses a ventral 
muscular mass (extending forwards as far as the middle of 
the thorax), which mass is divisible from above downwards 
into two antero-posteriorly extended masses — together con- 
stituting, as it were, a ventral (and here sub-vertebral) re- 
flection of the erector spinae. The same appearance occurs 
in some Reptiles and in Tailed-Batrachians, where the ventral 
muscles of the tail repeat below, the dorsal masses above. 
But these Batrachian caudal muscles are not sub-vertebral — 
not the continuation backwards of sub-vertebral ones of the 
trunk, but direct continuations backwards of the abdominal 
muscles, as is also the case in most Fishes. Muscles of the 
tail (even in man’s own order) may be very extensive, and 



Fif, 292.— Musri Fs OF RrcHT Hai f of a I'ran^vkrse Sfc tfon or the 
Taii. of Jgunnay showing the separation of the caudal muscular cones from 
the vertehraj bv the intrusion above of a supra caudal mass from the trunk, 
and by the intrusion below of the fcmoro-caudal 

A. dorsal half of caudal cones , i?, ventral half of caudal cones , iS'C, supra-caudal . 
FC, femoro-caudal. 


caudal muscles may have attachments such as arc indicated 
by their names- ~piibococcyj^€t(s, //w~coccyjL,^rus, sacro-coccygeus, 
and ischio-coccyg;€tis respectively. 

Powerful muscles and complex arrangements of tendons 
are especially developed in forms which, like the Spider- 
Monkey,* are capable of suspending the entire body by the 
grasping action of the end of the tail. 

20. The MUSCLES OF THE IIPPER EX I RKMI'I'Y, aS might 
be expected, often disappear in those forms in which an upper 
extremity is wanting. Just, however, as found in the 
skeleton that we might have bones of the shoulder girdle 
without any of those of the ann, so wc may have certain of 
the muscles in question attached to that shoulder girdle 
though the actual extremity be wanting. Such is the case 
in some Reptiles, e,g, in Attains frat^ilis. The muscles may 
be greatly reduced in size where there is little variety of 
motion, as in Birds and Cetaceans. No profitable compari- 
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son can be instituted between the limb-muscles of man and 
of Fishes. Very simple muscular fasciculi represent in Fishes 
the complex structures of higher vertebrates. 
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The pectoralis major is a nearly constant muscle, but one 
which may vary greatly as to its relative size to other 
muscles its degree of subdivision, and the details of its 
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origin. Thus in many Birds it is the absolutely largest 
muscle, and equals the weight of all the other muscles of 
the body put together. In the last-named class it may send 
a slip to the pollex, as in the Eagle (see Fig. 289, 2). 

Pectoralis minor. The smaller pectoral is a much less con- 
stant muscle than the large one, being very frequently absent. 
Even in animals closely allied to man {e.g. many Apes) it is 
inserted into the capsular ligament of the humerus instead of 
into" the coracoid process. It may form one with the pecto- 
ralis major, as in Birds. 

The sub-davius is also an inconstant muscle. It may take 
on an enormous development and be singularly modified, as in 
Birds, where it arises beneath the pectoralis, and is so inserted 
as by its action to antagonize that muscle ; for it sends a 
tendon between the clavicle and coracoid, and the scapula 
(the margin of the interspace through which it passes serving 
as a pulley), by which the direction of its force is changed, 
so that it serves to elevate instead of to depress the humerus. 

Serratus magnus. This, which really is one muscle with the 
levator anguli scapulae, may be much more extensive or much 
more restricted than in the human subject. In Quadrupeds 
{e.g, the Horse) the serrati of the two sides serve to sling the 
trunk from the scapulae, or summits of the columnar fore- 
limbs. It may consist of several detached parts, as in the 
Chameleon, or be exceedingly small, as in Menopoma 
(Fig. 283). 

The deltoid is a nearly constant muscle in Vertebrates above 
Fishes, but may be very small, as in the Horse, or very large, 
as in the Bat, or it may be divided into several parts. 

The supra-spinatus of man is normal as compared with 
that of other animals of his class ; but, by a strange excep- 
tion, it may be placed only on the inner (or body) side of 
the scapuja, as in the Echidna. 

The infraspinatus.^ which is also normal in man, may (as 
in the Echidna) be placed at the most anterior part of the 
outer surface of the scapula. 

The teres minor may coalesce with the last-noticed muscle, 
as in the Two- toed Ant-eater. The minor may be larger 
than the majof’., as in the Horse. 

The tera^ major is normal m man, but it may attain a 
very much greater relative size, as in the Mole. 

The stibscapularis is generally in Mammals much as it is in 
the human subject. It may be considerably smaller, however 
(as in Cetaceans) ; and by a singular exception it may (as in the 
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Echidna) exclusively arise from the external surface of the 
scapula. 

The coraco-brachialis of man does not normally exhibit 
the complexity of structure which it may exhibit in some 
other Mammals. Thus, in addition to the part usually 
developed in man (namely, that descending to about the 
middle of the shaft of the humerus), we may have a shorter 
part inserted above the tendon of the teres major and con- 
nected with the capsular ligament (as in the Bonnet Monkey 
and many other species), and a third part descending right 
down to the internal condyloid ridge of the humerus, as in 
the Echidna, in Lemur ^ Iguana (Fig. 296), and others. 



Fig 294. — Mi’SCLEs of In«;ide of Right Arm of (seen in from), the 

pecioralis and deltoid being cut short and reflected. 

/i, biceps; BA^ brachialis anticus . CB^ and coraco-brachialis ; and 

/?•*, deltoid, ^//.muscles perhaps answering to the subclaviiis, /.!>', infra 
spinatus , Py pectoralis ; SCM^ sterno-cleido-mastoid , 7 * 3 ^ triceps. 

The biceps as it exists in man is a fair exponent of its 
normal condition, at least in his class. This muscle, however, 
may arise from but a single head, which may taKe origin 
from the scapula only, as in the Pig, or from the coracoid 
only, as in the Echidna and the Iguana. Its insertion may 
take place both into the ulna and radius, as in the Pig, and the 
two tendons of insertion may divide, allowing the brachialis 
anticus to pass bettveen them, as in the Chameleon. This 
muscle may arise even from the sternum, as in the^Frog, 
Brachialis anticus. This is rather short in man. It may 
be divided into two parts, as in the Agouti. It may be more 
or less confounded with the biceps, as in Iguana^ Menopoma^ 
and Menobranchus, 
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Triceps, The great extensor of the arm in man, in spite of 
its size and complexity, is small and simple compared with 
conditions which may obtain. Thus it may (as in Hyrax) 
have four heads, and in addition a fasciculus going from the 
surface of the infra-spinatus to the olecranon, and called 
the dorso-epi trochlear ( F'ig. 295, />.) It may be very powerful 



Fig, 295, — Muscles of Outer Side of Fore-limb of HyKAR 

w/, serratus magnus ; Re, rhombouieus capitis; Ssp^ supra-spinatus ; Isp, 
infra-spinatus ; D, deltoid . Tmaj, teres major ; De^ dorso-epitrochlear , 
7’ I — 4 ^ triceps ; Ba, brachiali.s anticus . Sl^ supinator longus , Eld^ extensor 
longus dijfitoruin ; Emd, extensor minimi digiti 

and take origin largely from the scapula, as in the Pig and 
Echidna, or it may take origin from the coracoid also, as in 
the Iguana. It may be quite rudimentary, as in the Porpoise. 

21. The MUSCLES OF THE FOKF.-ARM in man attain almost 
their maximum of complexity. As might be expected, they 
become greatly reduced in animals the hands of which have 
little mobility (as Birds and Cetaceans) or have a reduced 
number of digits. In Birds the actions of the pronators and 
supinators are modified and limited to opening and shutting 
the wing, i.e. to ad- and ab-duction. 
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Pronator teres. This is a nearly constant muscle, being 
present even in Menopoma and Menobranchus (Fig. 297). Its 
size and importance are often relatively greater than in man. 
It may, on the contrary, be quite absent, as in the Hedgehog 
and the Horse. 



Fic.. 296 . —Muscles of Insioe of Right Akm of Iguana 

/A biceps. C, sternal margin of coracoid bone; CB'^ and CB"^. two parts of 
coraco-brachialis , C'C, costo-coracoid ; FRy flexor carpi radialis , FUy flexor 
carpi uhlans , LDy lativsinius dorsi , ^9“, subsc'apulans . 7'^, 7 *•’, and 7’^, parts 
of triceps ; A tendon from latissimus doru to triceps. 

Flexor carpi radialis. This is normal in man, but its 
insertion may vary in other animals. It may arise from the 
ulna only (and not from the humerus), as in Birds. 



Fig. ?97. — Deeper Flexor Muscles of Right Fore-arm op Menopomay the 
flexor longus being cut and reflected. 

By biceps; FBy flexor brevis; /X, flexor longus, SLy supinator jongus , 7*7’, 
pronator teres. * 


The palmaris longus is often absent (as e.g. in the Hedge- 
hog, in Ruminants, the Horse, &c.), or blends with the flexor 
digitorum, as in the Echidna, or with the flexor radialis. Its 
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palmar fascia may contain a fibro-cartilaginous disc, as in 
Hyrax. 

The flexor carpi ulnaris of man is normal. It may ^ 
greatly more complex and divided into four portions, as in 
the Two-toed Ant-eater, where the pisiform bone is so large. 



Flo. 298 .— Long Flexor Muscles and Tendons of the Hand of 
* Nyciicfbus. 

pronator ter«s: Fs^ flexor »ublimisdiffJtoruin t Fp^ flexor profundus digitorum , 
Flpf flexor longus polUcis. 

Flexor sublimis digitorum. This muscle in man presents 
a degree of distinctness which is by no means constant. It 
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may be united with the flexor profundus in one mass, as in 
the Kangaroo and Echidna. It may also be confined to 
the hand, and therefore be a short muscle, as in the Iguana- 
and Chameleon. It is small in Birds. 

That symmetrical bifurcation and definite arrangement of 
the perforated tendons which obtains in man is by no means 

PA 



Fig 299.— Flexor Muscles and Tendons of Fore foot of Hyrax. 

/V, paliruins longus ; Feu, flexor carpi ulnaris ; Fsd, flexor sublimis diguorum ; 
Fpd, flexor profundis digitorum . Fip, flexor longus pollicis ; Pj, palmar 
fascia ; Fbm, flexor brevis nianus *. lumbncales. 

constant. Thus it is absent in Birds ; and in lower Vertebrates 
(e.g. Iguana) this muscle can hardly be said to be iijserted by 
definite tendons. Even in man’s own order we may see by 
the Nycticebinte how the index digit may fail to have a true 
perforated tendon, while the imperfect condition of the flexor 
sublimis may be supplemented (as in Hyrax) by an extra 
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muscle, a pefculiar flexor brevis manus which takes origin 
from the palmar fascia. 

The flexor profundus digitorum in man possesses an ex- 
ceptional distinctness and subdivision. As has been said, it 
may be intimately united with the sublimis, as it may also be 
(even in Monkeys) with the flexor longus pollicis. When dis- 
tinct from the latter, it may yet send a tendon to the thumb, 
as in Nycticebus, It may end in but one, or at most two ten- 
dons, as in Birds. In the complete separation of this muscle 
from the one next mentioned, man differs from all the Apes. 

Flexor longus pollicis. This muscle is very commonly 
completely united with that last described, as eg, in Echidna^ 



Fig 300 — Di of Tendons of Hand of Nycticebi's 

The numbers indicate the di^jits (from the pollex to the nuuimus) to winch the 
^ tendons go respectively. 

F /pt flexor longus pollicis, F P, flcx<*r profundus digitorum , F flexor subliuiis 
digitorutu. 

s, and even in the Apes. The two united deep flexor 
muscles (profundus and longus pollicis) may fail to send any 
tendon at all to the two or three ulnar digits, as is the case 
in Bats. When the two deep flexor muscles are distinct, 
the longuS pollicis mav send tendons to all the digits; uniting 
variously with those of the flexor profundus, as in Nycticebus^ 
and Chameleo, It may send no tendon to the pollex 
in a form closely allied to man, i,e, in the Orang. 
Lumbricales, These may be altogether absent (as in Birds, 



VI IL] 


THE MUSCLES. 


333 


the Hedgehog, and Pig), or there may be but one, as in 
Pteropus. The thumb, on the contrary, may have its own 
lumbricalis, as in Dasypus Sexcinctus; and there may be 
eight in the hand, as in Galeopithems. 

The pronator quadratus may be much more elongated 
than in man, as in the Dog and Cat. It may, however, be 
completely wanting, as in the Flying Fox and in the Horse. 
An accessory pronator may be developed (as in the Iguana 
and Chameleon), arising from the internal condyle and radial 
border of the ulna, and being inserted into the lower part of 
the radius between the insertions of the pronator teres and 
pronator quadratus. 



I'tj; 301 — Dphi’ Fi fxor Mi'sci.esop FoKF-ARMOF/i,^/f7««, the more superficial 
ones being cut and reflected 

/j, biceps , flexor carpi radial is . FCU^ flexor carpi ulnaris , FPDy flexor 

profundus digitoruin . /V/, pronator accessorius, PQ, pronator cpiadratus . 
Pl\ pronator teres , supinator accessorius; SP, supinator longus 

Supinator lons^us. This is a very inconstant muscle, as 
might be expected from its action, which is related to the 
exceptional mobility of the fore-arm and hand of man. Thus 
it is totally absent in many animals, the Horse. It may, 
on the contrary, attain a v«astly greater relative size than in 
man, as in Pradypus, where it takes origin from the lower 
three quarters of the humenis, and is separable into two 
parts ; it is large and double in some Reptiles, e.g. ^he Iguana 
and Chameleon (Figs. 302 and 303). 

The extensor carpi radialis longior is exceptionally distinct 
in man, for in most Mammals it is more or altogether united 
with the extensor carpi radialis brevior. 
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Anconeus. This muscle, which in man seems to be but a 
small part of the triceps, may be a very large and very dis- 
tinct muscle, as in Dasypus and Phoca. 

Extensor communis digiiorum. This is exceptionally dis- 
tinct in man, being often (as e.g. already in Nycticebus) 
blended with one or more other extensors. It may be so 
diminished and short as to extend only from the carpus to the 
digits, as e.g. in Iguana and Chameleo, 



Fig 302 —RAurAi Sidf or Right Arm of Parson’s Chamfi-fon 
-4 \ adductor digiti tcrtii, A^, adductor digiti <juarti , /?, biceps ; J> \ ex- 

tensores pbalangonim , E^, A" 5, exiensoics metacariKniim , ERL^ ex- 

tensor radiahs bmgior : /A’, flexor radlail^ , MP, extensor metacarpi [kiHicis , 
PT^ pronator teres ; 6'Z, supinator iongtis. 

Extensor minimi digiti. This extensor, which may be 
absent, may also be present where we might hardly expect 
to find it. Thus it may be present in forms in which the 
digitus minimus is entirely absent, eg, the Horse. This fact 
is less remarkable, however, wben it is recollected that the 
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muscle's special destination to the fifth digit is a human but 
not a Mammalian character. Very often, even in man's own 
order, this muscle may send tendons to the third and fourth 
digits also 

The extensor carpi ulnar is ^ normal in man, may be much 
increased in size, as €,g, in the Two-toed Ant-eater. It may 
be diminished — not arising from the humerus — as in some 
Birds. It may, as in Iguana^ be united in one with the 
flexor carpi ulnaris. 



Fu. —DFKr'KK Mis^lks of Exifnsok Aspect ok Right Fork arm oi 
P\kki'n’s Cii^MKi EtJN', the extensores ladialcs longiui and bievioj being cut 
and leflccted 

A, biceps . extensores metacarporum ; ERBt, e.\tens{)r radiahs brevior , 

EHL, extensor radialis longior; ElK extensor tilnans ; FV^ flexor uhmris . 

extensor ossis metacarpi pollicis : PQy pronator quadratus , SL, supi- 
nator longiis ; T, triceps * 

Extensor OSSIS ?netaearpi pollicis. This muscle of nii^n ex- 
emplifies a very constant condition, since it exists m animals 
in which the pollcx is entirely absent, as eg, in the Horse. 
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The muscle may be double and very voluminous, as e.g, in the 
Chameleon. Even in very near allies of man (the Anthropoid 
Apes) it ends in two tendons, one going to the trapezium, the 
other to the metacarpal of the thumb. 

The extensor prtmi internodii pollicis appears to be exclu- 
sively human. 

The extensor secundi internodii pollicis is often wanting. 
. It may coalesce with the extensor indicis, as in the Dog and 
Rabbit. 

Extensor indicis. This muscle may be absent as well as 
that last described, as c.g. in Hyrax. It may send tendons to 
other muscles besides the index, viz. to the third, fourth, or 
fifth digits, as in the Leinuroidea. 

Supinator breins. This may even in Mammals be entirely 
absent, as in the Horse. There may however be an acces- 
sory supinator, as in the Iguana. 

22. 'I'he MUSCLES OF THE HAND of man of course possess 
an especial character in harmony with the special perfection 
of that organ in him. Its muscles, with the exception of the 
interossei, can hardly be compared with any profit with the 
muscles of creatures below the rank of Mammals. For 
though sometimes (as e.g. in Cltameleo) we may meet with a 
so-called flexor brevis pollicis or flexor brevis minimi digiti^ 
it is difficult to assert that these are really homologues of the 
muscles so named in man. Nevertheless, though the muscu- 
lar condition of the human hand is special, yet its essential 
type is that common to the class to which man belongs, and 
especially like that of his own order, Primates, the members 
of which possess all the manual muscles of man, only more 
or less different in form and proportion. It may be, how- 
ever, that these muscles are wanting altogether, as in the 
Horse and Wh lie, but they are generally present even where 
they might not be expected (at least all), as e.g. in the Dog. 

Opponent pollicis. This muscle in man attains its maxi- 
mum degree of relative size It is not only present, though 
small, in the Primates generally, but it is present in forms 
quite destitute of an opposable thumb, as e.g. in the Dog. 

The adductor pollicis may be inserted into the index 
through atrophy of the pollex, as eg. in the Dqg. 

Palmaris brevis. This muscle is not peculiar to man* It 
not only e*xists in his order, as e.g. in Ixmur^ buf is found 
even in Marsupials, e.g. the Tasmanian Devil. In the 
Echidna it has been said to take origin from the ulna. 
Opponens digiti minimi. This muscle exists not only in 
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man and his order, but even in such forms as the Dog and 
the Bat. 

Interossei, These muscles are very generally present, 
existing even in the c6ld-blooded Vertebrates, and their 
essential nature is that of flexores breves. Even in man half 
of each pair of interossei acts as an extensor, being inserted 
into the dorsum of the third phalanx ; while half of each pair 
acts as a flexor, being inserted into the palmar side of the 
first phalanx. , Indeed, it is by a modification of what are 
essentially interossei that some of the small special muscles 
of the pollex and little finger are constructed, as the abductor 
pollicis and di^ti minimis 

The distinction bet;)veen ‘‘palmar” and “dorsal” interossei 
IS really unimportant, referring only to the mode of their 
origin from the metacarpals. 

23. In the ABDOMINAL RKGIONT, the body-wall of man is 
composed of muscular layers such as normally exist in other 
Vertebrates above Fishes. The muscles may, however, be 
severally more developed or less developed, or more complex 
or less complex, thau they are in him. 

On entering the class of Fishes wt lose the superimposed 
lamellae of differentfy directed muscular fibres of which the far 
greater portion of the abdominal muscles in the higher forms 
consist. In their place we have exclusively antero-posteriorly 
directed fibres, and it is as if the rectus muscle had increased 
vastly and entirely at the expense of the completely aborted 
oblique muscles. That this is so, seetns to be demonstrated 
by those Batrachians which begin life with so many and close 
resemblances to Fishes, which subsequently they lose. Thus 
in the great persistent larva, the Axolotl, we find no truly 
oblique abdominal muscles, but only as it w'ere a hyper- 
trophied rectus ; while in the rarely attained adult condition 
(in which it iclosely resembles the genus Amblysttyna) we 
meet with the normal muscular abdominal structure of super- 
imposed oblique lamellae. 

Sometimes the number of these lamellae is greater than in 
man : thus the obliquus externus may consist of three dis- 
tinct layers, as e.g. in the Iguana. 

Th^ pbilquus infernus of man is of moderate development. 
It m^y less developed than in him, as eg. in the«common 
Chamele(^. On the other hand it may "be much larger, 
relatively, as in Igytana, where it lines the whole of the 
thorax ; or it may be, as in Menopoma and MenobranchuSy 
the largest muscle of the body, being continued on forwards 

z 
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and backwards so as to extend from the hyoid to the distal 
end of the tail. 

Transversalis, This third abdominal muscle as it exists 
in man is normal, but its aponeurotic part may be much 



Fig. 304 — Sl'I'erficial Vfmkai Miscies of Ki(.»r Side in Menopoma. 

ExO, external oblique; hC, fcmorocauda! . <7, fjracili's , /, tiiacus, /C, isebio- 
caudal, //C, ilio caudal , SM, seini-membrano&u*. ; ST^ scmi-tendinosiis , TA^ 
tibialis anticus 

greater than in him, in Iguana^ where its fascia is 

continued on, even into the neck, within the nerves of the 
brachial plexus, which pass external to it as the abdominal 
nerves pass between it and the internal oblique. 
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Rectus abdominis. The greatest relative size of this 
muscle is exemplified in the class of Fishes, where it extends 
in the mid-abdomen from the tail to the pectoral arch, and 
thence, forwards, to the mandibular symphysis. A complica- 
tion of division may exist, as we find in the Salamander, 
where there is a superficial rectus lying, on each side, imme- 
diately upon a deeper one. 

Even in man^s own class this muscle may be very much 
more developed than in him, as in the Slow Lemur, the Arma- 
dillo, and Ornithorhynchus, where it goes to the first rib. The 
linecB transversce may be absent, as in the Hedgehog, the 
Dolphin, and the Hyrax ; or they may be seven in number, as 
m the Racoon ; or they may be replaced by regular abdominal 
ribs which subdivide the rectus into a longitudinal series of 
successive segments, as in the Chameleon. 

The pelvic origin of the muscle may be wanting, as in the 
Cetacea, where it arises (by a long and thin aponeurosis) 
between the dorsal and ventral muscles of the tail, from the 
ventral side of the transverse processes of some of the mid- 
coccygeal vertebrse. 

A slip from this muscle may be sent to the humerus, as in 
some Armadillos and insectivorous Bats. 

Pyramidalis. This may be more largely developed than in 
man, as in the Iguana and in Marsupials and Monotremes, 
w'here it arises from the marsupial bopes. It becomes enor- 
mous in the Ornithorhynchus. 

The quadratus lumborum is a nearly comstant muscle ; it 
may be distinctly developed in Reptiles, and is large in the 
Iguana. 

The development of the inte 7 'costal fnuscles is of course 
governed by the size and number of the ribs. Thus they 
may be more or less developed than in man, or they may be 
completely absent. ^ 

24. The diaphragm. In the possession of a complete 
partition, or diaphragm, man agrees with all the members 
of his own class, but differs from all those of every other 
class, though in some of the latter it may form an incomplete 
partition, at the least allowing the apex of the heart to pass into 
the abdominal cavity, as in the striithious Birds. In man’s own 
class this muscle may vary as to the extent of tl^e central 
tendon and as to the points of origin and insertion. Thus 
in the Manatee (which has so many ribs) the obliquity of 
the diaphragm is so extreme that the thorax extends back- 
wards above the whole length of the abdominal viscera. Very 

z 2 
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rarely the diaphragm may contain a sesamoid bone, as in 
the Camel. There may be no tendinous centre, this being 
absent in the Porpoise. 

In Reptiles (e.g. Iguana ) a muscle, the retrahentes costaptm^ 
(which appears to have no representa- 
tive in man), arises by muscular fibres 
from the sides of the bodies of the 
trunk vertebras, and is inserted by 
aponeurosis into the inside of the 
seventh and eighth cervical ribs, and 
into the seven following ribs. In 
Tailed- Batrachians (e.g. Menopoma) 
this muscle is very fleshy at its an- 
terior end, and is carried forward 
beneath the basis cranii, 

25. Of the MUSCLES OF THE IN- 
FERIOR EXTREMITY. The psoas mag- 
^ nus may be very much larger relatively 
than in man (thus it is exceedingly 
large in the Rabbit and Agouti), or it 
may be (as in Birds and the common 
Seal) entirely wanting. It has been 
supposed that the great muscular mass 
which in Cetaceans {e.g, the Porpoise) 
and the Seals extends forward beneath 
the trunk part of the spine from be- 
neath its caudal part, is a psoas. 
This is not the case, however — it is 
a sacfo-coccygeus extraordinarily pro- 
longed forwards. 

Iliac us. This muscle may be want- 
ing, as in the Whales and Seals ; or 
relatively enormous, as in the Bats, 
where it is inserted separately from 
the psoas, and below the latter. The 
iliacus (or else the psoas) mav extend 
MuRa:EsorKil''.n sIph i^s origin up to the last tw6 dorsal 
OF louAKA vertebrai, as in Nycticebus, 

QL, quadratus lumborum ; The psoas parvus may bc altogether 

AX', retrahentes costarum. wanting, as in Cetaceans and Birds. 

It may be as large as the psoas mag- 
nus, as in the Pig, or ten times larger, as in the Kangaroo. 

A muscle may exist which extends from the coccygeal region 
'Of the backbone to the femur, but which has no certain 
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representative in man. Such a muscle is the fetnoro-caudal 
of* Reptiles, Birds, and Tailed- Batrachians. This in the 
Iguana and Chameleon) arises beneath the caudal vertebrae, 
and, though mainly inserted into the femur, sends on a deli- 
cate’ tendon which, passing down, is inserted into the articular 
cartilage between the femur and tibia. 



Fif,. 306— MrscLEs OF External Aspect of Lfg of an Eagle 
(A qutla fucosa), 

I, sartorius ; 7, tensor vaginai fcmoris O, 3, biceps; 4, scmi-membranosus ; 5, 
levator coccyi^is . 6, tibiahs anticus ; 7, gaslrotnemms. 

{After A. MUm-Edwards.) 

Gluteus maxintus. This muscle is of very exceptional size 
in man, directly related as it is to his erect attitude. Never- 
theless, It may be yet greater relatively in some quadrupeds 
than It IS in him, as eg. in the Echidna, where it is double, 
and where part passes from the sacral and coccygeal vertebrai 
downwards to the ankle, and represents that part of the 
muscle which in man is inserted into the fascia lata, w^hile 
another portion with a similar origin is inserted into the 
femur. The muscle exists in Birds and in Reptiles. In the 
Chameleon (P'ig. 311) it passes from the caudal vertebrje to 
the tendinous arch going from the posterior margin of the 
ilium to the tuberosity of the so-called ischium. This muscle 
may be inserted into the w'holc length of the femur, as in 
the Seal. 

The gluteus medius is very often much thicker and larger 
than the gluteus maximus. This is the case, eg,, in the Horse, 
where it is twelve times as big as the maximus. It* may arise 
not only from the ilium but from the sacral and even from the 
lumbar vertebral spines, as in the Echidna. The muiscle ap- 
pears to be almost a constant one, as it exists, well-developed, 
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in Birds ; and a muscle seeming to represent it, passes from 
the outside of the ilium to the femur in Reptiles and Batra- 
chians. 

The gluteus minimus is, when distinct, almost if not quite 
always smaller than the medius, with which it may be more 
or less completely blended. 

The pyHformis may also be confounded with the gluteus 
medius, as is the case in the Horse. 

Obturator internus. This may be wanting, as in the 
Ornithorhynchus and Echidna. In the Three-toed Sloth 
and Ant-eater it becomes a second obturator externus smaller 
than the real one, having quitted its normal place. 



Fjg. 307.— Inner View of Right Half of the Pelvis of Hvkax. 

Oi^ obturator intcmus* Oter^ obturatw tcrlius, Pc^ pubi>-coccygeus. , 6', cocc 
geus. Gi^ gemellus inferior , Am^ adductor magnus, 

The gemelli may be wanting altogether, as in the Orni- 
thorhynchus and Echidna, The gemellus inferior may be 
almost as»rnuch developed as the obturator; such, e.g,<, is the 
case in the Camel. There may be but a single fleshy strip, 
as in the Apteryx. 

The quadratus femoris is an almost constant muscle, 
though varying as to si/e, shape, and direction. 
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The obturator externus is also a constant muscle both as 
to existence and position, being found even in the Frog. A 
peculiar sort of additional external obturator (but with an 
anomalous internal origin) may exist, as in the Hyrax, where 
a third obturator springs from the inner surface of the ischium, 
close to its junction with the pubes, and which, passing 
through the obturator foramen,, is inserted into the trochan- 
teric fossa in common with the obturator externus (Fig. 308). 





Fir.. J08.— Right Side of Pelvis or Hvrax, seen in front 

/, ihacub , Pw, psoas magnus, P, pectmcus, Oter, obturator ttiiius , Oc, obtu- 
rator exturnuii (cut anU reflected), QJ^ quadratus feinons. 

Tensor vagince femoris. This may be altogether wanting, 
as in the true Opossums. It may, on the contrary, be very 
largely developed, as in the Seals (where it arises from the 
panniculus carnosus and external oblique) and in the Horse. 
It may be more or less blended with the gluteus maximus, 
as in Agouti. 

Sariorius, 7 'his muscle is generally present in Mammals, 
though it may be altogether wanting, as in Bats. 1 [ts origin 
and insertion may both differ considerably from what we find 
to exist in man. I'hus, in the Agouti it arises from the 
ilio-pectineal eminence and the pubic symphysis. It may 
have two heads (one on each side of the tendon of the 
psoas magnus), as in the Horse. It may be confounded 
above with the tendon of the long extensor of the thigh, as 
in Ruminants. It may arise, as in the Three- toed Sloth, 
from the lower part of the aponeurosis of the external 
oblique, and then divide into two parts-- one of these being 
inserted into the femur, the other again subdividing and 
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going to the inside of the tibia above the insertion of the 
gracilis. 

A muscle exists in Reptiles the Iguana and Chameleon) 
which may answer to this. It arises from the front pelvic 
tendinous arch, or from the brim of the pelvis, and is inserted 
into the peroneal side of the head of the tibia (Iguana), or, 
bifurcating, sends one branch to the tibia and the other to 
the inter-articular cartilage (Chameleon). (Figs. 309 and 310,6'. 



Fig 309 —Deepest Miscles of Right Thigh of If^uana, the more super- 
ficial ones being removed 

W, adductor, BF^ biceps femons ; C, crureus , /'*C, fcmoro-caudal , Gol, gas- 
trocnemius internus , //% ilio- peroneal . OE^ obturator externus ; obturator 
intcrnus ; /\ * — muscles which more or less resemble the pectineiis ; /*/, 
probably the gluteus maximus ; RF^ part of the great exTcnsor of the thigh , 
S, tilnal .“Eductor, SM and ST, muscles resembling the semi-membranosus 
and semi tendinosus respectively . /V, vastus intenuis ; }\ tendon descending 
from the tendon of the femoro-caudal to the inter-articular cartilage of the 
knee joint. 

Quadriceps cxiensor cruris. The large muscular mass 
thus named in man, has by no means in him attained its 
maximum of size and complexity. Even in man’s order, 
e.g, I^ 7 nur\ the portion called crurcus, instead of being but 
a mere imperfectly differentiated part of the vastus intcrnus, 
is a large and voxy distinct muscle; while in a nearly allied 
form, Tat'sius^ the vastus externus is divided into two parts^ 
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and the crureus into even three, making with the rectus 
femoris a sevenfold extensor muscle. 

The tendon of a muscle which seems to answer to the 
rectus femoris may end by uniting with the plantaris, as in 
the Alligator and in Birds, in which the plantaris is the 
perforated flexor of the toes, as it is also in the Rabbit. 



J k; 3io--DEErrR Muscles of Inner Aspect of Rk;ht Privic Limu op 
Parson's Chameleon 

>1, adHuctor, /^, biceps ; ‘ and extensores rnetatarsorum , /-'Z, extensor 

lojigus cligitorum ; and rectus femoris ; flcxoi longu-N (iignorum . 

G, jiracilis , (//:, gastrocnemius externus , 6V, gastrocnemius intei nus . /, 
iliacus , //', ilio peroneal , A", tibia! adductor, ^'7', semi-tendinosus , TA^ 
tibialis anticus , T vastus intenuis 


The 'ifastus internus may be almost absent, as in the Three- 
toed Sloth, and the ra tus may be but imperfectly differen- 
tiated from the deeper part of the extensor, as is the case in 
Bats. The rectus may, on the contrary, be very*large and 
consist of two muscles with distinct origins, as in the Alligator.^ 
Iguana^ Mcnaponta^ and Menohranchus. The vasti and cru- 
reus may be absent, as in the two last-named genera. 

The gracilis in man is an exceptionally narrow and weak 
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muscle, but its insertion may (as in the Three«toed Sloth) 
occupy almost the whole len^h of the tibia. This muscle 
may be intimately blended with an adductor, as in the Pig, 
or more or less with the sartorius, as in the Coati. It may 
have a special ridge on the tibia for its insertion, as in 
PUrofius. 



Fig. 31 1. —Deeper Mi.scles of OrTER Aspect of Right Pelvic Limb oi< 
I^rson’s Chameleon ; the ilio peruneal cut and refleticd. 

.4, adductor ; biceps ; gluteus primus . gluteus secundus , Z>\ gluteus 
tertius , /iTL, extensor longus digitorum,. rectus femons ; J^'C , 

fenioro-caudal ; flexor longus digitorum ; FP^, flexor tertius digitoruin . 

graalts ; OF, gastrocnemius extemus , //’. ilio peroneal , J\ peroneus , 
. 9 , tibial adductor , .S’ Af, semi membranosus , ^'/i, vastus externus , A", gluteus 
maximus ; jp, tendon of fcmoro-caudal. 

The pettineus and adductors of man may exist, in other 
animals, ad muscular masses of very different size and some- 
times in different divisions from what they exist in him. 7'he 
adductors may be extraordinarily small and feeble, as in the 
Seal. 
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Biceps femoris. The relative size of this muscle in man 
is much inferior to its possible de\elopment, and in that it 



Fk, 312 —Sui'KRFiciAL Muscles ok Right Leg ok Iguana. 

BFy muscle like the biceps ; extensor brevis digitomm; ELD^ extensor 

longus digaorum; EC^ femoro-caudal ; G, gracilis; GMx, muscle like the 
rectus femoris ; Go E, gastrocnemius externus ; //^ iho'peroneal ; and , 
peronei muscles ; //, muscle rescrabhng in some respects the glut«us maximus ; 
SAI^ and semi<membrauosus ; TA. tibialifi anUcus ; VEx^ vastus ex< 

ternus ; .r, caudal muscle. 

has in him a separate head, taking origin from, the femur, it 
is exceptional Sometimes (as e.^. in the Agouti) this muscle 
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combines with the tensor vaginae femoris and the gluteus 
maximus to form an almost continuous muscular sheet, extend- 
ing as to its origin from the crest of the ilium to the caudal 
vertebrae and ischium, and, as to its insertion, from the pattella 
to the ankle, thus contributing to form a most powerful flexor 
Of the limb. 

This muscle may be entirely wanting, as in the Bats (ac- 
cording to Meckel). We may, on the contrary, find a com- 
plexity of muscular structure on the peroneal aspect of the 
pelvic limb, by far exceeding anything met with in the class 
to which man belongs. 


a^Tx itr 



Fk.. 313 -^DKrrhR of Extfnsor Si’rfacf- of Righ'i Leo of 

Mfnofoma 

biceps; F.B, extensor l>i evis; Klly extensor hallucis ; hLD, extensor longus 
digitonim ; FC, fcmoro-i .ludnl , GMd and GMiy muscles like the lesser glutei ; 
GMx and RP, great ex enters of the thigh , 1 , muscle resembling the ihacus : 
lie, ilio-candal , IP, lio-peroncal , SM and ST, musiles like the semi- 
membranosus and semi endmosus respectively . 7V1, tibialis anticiis 

Thus in some Reptiles and Batrachians we find four dis- 
tinct muscles which, if not exactly answering to the biceps, 
may most fitly be noticed in relation with it. 

Thus (1) we have a muscle (sometimes called i lio-peroncal) 
extending from the outer side of the ilium downwards to be 
inserted by a strong tendon outside the upper part of the 
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fibula^ or, as in the Chameleon, by a fan-like expansion into 
the outer side of the fibula. This muscle is very generally 
developed, as it exists even in Menobranchus, where it seems 
to represent the long head of the biceps femoris of man. 

(2) We have sometimes ie,g, in Urodeles) a muscle 
springing from the shaft of the femur, just below the inser* 
lion of the femoro-caudal, and itself inserted into the fibula. 
It seems to answer to the short head of the human biceps 
femoris, and if so it is interesting to note at what a remote 
distance from man we find a striking analogy to human 
structure, which yet seems absent in the Sauropsida (Fig. 

313, /A 

(3) We have the large and very remarkable muscle (the 
femoro-caudal, before described) arising from the caudal 
vertebrae, and inserted by a very strong tendon into the great 
trochanter, but giving off a delicate tendon passing down 
into the popliteal space to the inter-articular cartilage between 
the femur and the tibia. 

(4) Finally, we have in some Reptiles {e.g, the Iguana) a 
muscle arising from the tendinous arch, which passes from 
the so-called ilium to the so-called spine of the pubis, and 
inserted by a tendon (passing between the tibia and fibula) 
into the front aspect of the upper part of the tibia, or passing 
down to a plantar ossicle, as in the Chameleon (Figs. 309, 
312, and 317, 

By a still greater complication this muscle may be doubled, 
as in the Crocodile and Alligator ; one part having a twofold 
insertion into the front of the tibia and the plantaris muscle, 
ihe other portion having a twofold insertion into the head of 
the fibula and the external gastrocnemius. 

Semi-tendinosus, This is exceptionally slender in man. 
Even in man’s own order it may have a second head of origin 
from the coccygeal vertebra:, as in the Aye-aye ; and often in 
other Mammals {c,g, the Horse) it is very large. Its insertion, 
even in Apes, is lower than in man and Bats. In the Dog and 
Cat it is attached to the middle of the tibia, while in the Bear 
it is inserted still lower. This muscle may partly end in a 
tendon becoming confluent with that of the internal gastro- 
cnemius, as in Birds. A muscle which may be the semi- 
tendinosus, but which otherwise has no representative in man, 
springs from the tendinous arch referred to in speaking of the 
biceps, and is inserted into the upper part of the tibia by a 
tendon common to it and to the gracilis in the Iguana, or 
above it into the inter-articular cartilage in the Chameleon. 
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The semi-membranosus of man is small compared wit*h that 
of some other animals {e,g, of the Horse and Ruminants), where 
it is enormous; the rump-steak of the butcher not consisting, 
as often supposed, and sometimes taught, of the gluteus maxi- 
mus, but of the semi-tendinosus and semi-membranosus. * 

Sometimes (as e,g. in the Kangaroo) this muscle is more 
or less completely blended with the semi-tendinosus. On the 
other hand it may, as in Hyrax, not only be enormous, but 
also arise by two heads (one from the ischium, the other from 
the caudal vertebrae), and have an insertion into the condyle 
of the femur as well as into the tibia. 

This muscle may, as in the Iguana, consist of two parts ; one 
attached to the back of the leg, embracing the inner head of 
the gastrocnemius — some fibres passing beneath the internal 
lateral ligament ; the other inserted, in common with the 
sartorius, into the peroneal aspect of the tibia (Fig. 317). 



Fig 314.— Deeper Mr»;ciES or Flexor Surface of Right Hind LHr, or< 
Menopoma 

At adductor, J?, biceps ; FCt fcmoro*caudaI . FD, flexor digitorum , G, muscle 
m position more or less like the gracilis - it is cut and reflected ; /, muscle like 
an liiacuh , /C, ischio-caudal ; //C, ilio-caudal , //^, iho peroneal , SM and 
ST, muscles like the semi-membranosus and scmi-tendinosus respectively . 
TA , tibialis anticus. 

It may,*together with the preceding muscle, present what 
appears to be an anomalous condition, as in the Tailed-Batra- 
chians (e.g. Afrnopoma), where r muscle (Fig. ^14, SM) takes 
origin from beneath the caudal vertebree and blends with a 
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second muscle (Fig. 314, ST)^ which, springing from the 
ischium, passes downwards and ends in a fascia outside the 
lower part of the flexor longus digitorum. 

The semi-tendinosus and semi-membranosus may, as in the 
Seal) be represented by a muscle arising from the anterior 
coccygeal vertebrae and inserted into the tibia, some tendinous 
fibres going to the plantar surface of the hallux. 

26. Of the MUSCLES OF THE LEG. The tibialis anticus, 
even in Anthropoid Apes, may have the part going to the 
hallux so distinct as to be reckoned a distinct muscle — 
sometimes called the abductor longus hallucis. It may be 
unquestionably double, as in the Echidna. It may have a 
double origin and a single insertion, as in the Agouti. It may 
be inserted into the second metatarsal, as in Hyrax ; and 
may be altogether wanting, as in the Pig. It is inserted 
into the tarso-melatarsal bone in Birds, and is situate quite 
on the inner aspect of the leg in Chameleo (Fig. 310). It 
exists down to the Urodeles, being apparently double even 
in Mcnobranchus. It may arise from the femur, as in the 
['“'rog. 

Extensor proprius hallucis. This muscle may be altogether 
absent, as in the Hare and Rabbit. It may even in man's 
order {e.g. m Lemur) take origin from the tibia as well as 
from the fibula. The tendon of the muscle may be inserted 
into the second digit instead of into the hallux, which is the 
case in the Echidna. Often this muscle is blended with the 
extensor longus digitorum pedis. A muscle may exist in 
Reptiles {e.g. in Chameleo) arising from the lower two-thirds 
of the front of the fibula and inserted into the dorsum of the 
second metatarsal ; and even in Urodeles (e.g. Menopovia 
and Mcnobranchus) a small muscle arises from the lower 
part of the fibula and goes to the hallux, or, in the absence of 
this, to the second digit. ^ 

The extensor longus digitorum pedis may spring from the 
femur, as in the Pig, Hare, Hyrax, and Horse. Apart from 
diminution in the number of the tendons resulting from the 
atrophy of certain digits, the subdivision and distribution of 
the ultimate tendons may vary even in the Primates. It may 
end in two tendons only, going respectively to the second 
and third metatarsal bones (as in the Iguana), or, it may be 
inserted exclusively into the third, as in Chanuclco Parsoniu 

The extensor brevis d/giton/m pedis is subject to great varia- 
tions in extent and arrangement in different animals. It may 
be altogether wanting, as in the Hare and Rabbit. . It may 
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be reduced to a minimum, as in the Horse ; or be split up 
into three portions, as in the Iguana ; or into seven small 
muscles all arising from about the central tarsal ossicle or 
the end of the fibula, and going to the five metatarsals, as in 
Chanialeo Parsonii — with other almost endless variations in 
'^ififerent forms. 



Fig. ars.—Mc'scLbs of Lec i Hind Lec, oi- Hvka.\. 

Ta, tibialis anticus ; Eld, extensor longus digitonim (the origin of this mubcic 
ought to have been carried up to the femur); PI, peroneus longus ^this muscle 
ought not to have been made to arise from the femur), peroneus brevis; 
S, soleus ; gastrocnemius ; P, plantaris. 

The peronei muscles may be much more largely developed 
than in man. Thus in the Hare four such muscles, not in- 
cluding the peroneus longus, send tendons to the second, 
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third, fourth, and fifth digits respectively. They are muscles, 
however, which are largely developed only in the Mammalian 
class. 

The Peroneus teriius is, amongst Primates, exclusively 
human. Sometimes {e.g. in some individual Guinea-pigs) the 
tendon of the peroneus longus will pass down in front of 
the malleolus, and so simulate a peroneus tertius. It is 
said to be present in the Wombat 

Peroneus longus. This may be altogether wanting, as in 
the Horse, and apparently in all below Mammals. Its 
tendon may, as in Hyrax, pass outside the malleolus instead 
of behind it. The muscle may take origin in part from the 
femur (as in the Ox and Opossum), and be inserted into the 
naviculare or second metatarsal. 

Peroneus brevis. This may be altogether absent in man’s 
class, as in the Agouti. It may be lemforced by peronei 
muscles going to the fourth and fifth digits (and termed 
peronei qiiarii el quinti ^ 4 ^///;, as in Lemur. 'Ihesc have 
exceedingly slender tendons. 

In the Rabbit, a muscle which springs from the front of 
the tibia and passes behind the internal malleolus, going to 
the extensor tendon of the secend digit, has been called the 
tibialis secundi digiti. This does not exist in man. 

The gastrocnemius is generally a double muscle, but there 
maybe only a single head and belly, as in the Echidna. The 
muscle may be very slender, and quite insignificant in size 
when compared with the flexor longus digitorum, as is the 
case in Loris. The muscle may be divided into two lateral 
portions, and become connected with quite other muscles, 
as is the case in the Iguana and Chameleon. Thus, in the 
Iguana the external head (which, contrary to the conditibn in 
most Mammals, is larger than the internal) ends below in a 
membrane which forms, as it were, perforated tendons for the 
digits. This head may arise, as m the Chameleon, b>* a tendon 
from the inter-articular cartilage. 

The internal head of the gastrocnemius of the Iguana is 
closely connected with the insertion of the semi-membra- 
nosus, and receives a tendon from the biceps. 'I he internal 
head may arise from the tibia only, as is the case in Parson’s 
Chameleon. 

This muscle (Fig. 314) may be absent or included in the 
semi-tendinosus (as in Menopomd)^ w^hich in the sole becomes 
superficial to the flexor digitorum. The tendo Achillis, 
instead of being strongly inserted into the calcaneum, may 
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in many forms, e,g, Hyrax, pass behind and beneath it into 
the plantar fascia. 

The soletiSy even in Nycticebus^ has lost its tibial attach- 
ment, is entirely muscular, and blends with the gastro- 
cnemius. It may (as in the Agouti) arise from the tibia only ; 
it may be inserted into the astragalus, as in the Ornitho- 
rhynchus ; or it may be wanting, as in the Pig, Hyaena, Seal, 
and others. 



F(g ^i6. — Deeper Mirsf 1 TEs OF Back Oh Riohi Leg ok P\rson's Chameleon* 

/», biceps , /-y)', flexor lon^us digitorum ; FD"^, flexor tcrtius digit nrum , 
graciiis . GF, gastrocnemius externus 6/, gastrocnemius internus , //\ iho- 
peroneal : /*, peroneus , S, tibial adductor . .S M, senu membranosus : S i\ 
semi-tendinosus . TA^ tibiahs anticus . 77’, tibialis posticus, tendon ot 
femoro- caudal 


P/(7ufar/s. This muscle may be altogether absent, as in 
the Wombat. It may however be present as a large belly, 
and arise from the outer condyle of the femur, as in the Pig 
and Rabbit. Jt may also, as in the same animals, end in an 
expansion which nins along the sole and becomes the per- 
forated tendons of the digits. I his muscle may be con- 
nected even with the pelvis by the intervention of the rectus 
femons, the tendon of which is continued on into it, not only 
in Birds but also in the Alligator. It may be intimately 
connected with the outer head of the gastrocnemius, and fleshy 
bcMies may replace the perforated tendons, as in the Iguana. 

'Fhc popliinn may arise from the head of the fibula, even 
in man^s own class, eg. in the Echidna, where it extends far 
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down the leg, and the same origin exists i?i the Iguana 



Fig. 317.— Flexok Surface of Righi Lfg of ibe superficial 

muscles being cut and reflected 

AH, abductor hallucis , yl(>, .abdiictoi ossis metatarsi quint! : /»’/% biceps femoris . 
* and /’A ^ flexor aceCssoriub , FI.D, flexor longus digilorum ; FM , 
flexor minimi digiti ; i'toE, gastrocnemius externns , Gol , gastrocnemius 
intemus; //*, tlio-peroneal . lA and L^, lumbiicalcs ; T’*, peroneus PL A, 
plantaris ; P/, popliteus ; S, tibial adductor , SM^ and semi-membra- 

nosus ; ST, semi-tendinosus ; TA, tibialis anticus ; TI\ tibialis posticu.s; 
y, tendon of femoro-cauda’. 


A A 2. 
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and in Birds. It may extend almost the whole length of the 
fibula, as in Phalangista. It may be entirely wanting, as 
in Bats. 

Besides the muscles Vhich in man connect together the 
fibula and tibia, two others may exist. One of these, the 
rotator fibulcB^ is developed in the Lemuroidea. It extends 
from the back surface of the tibia to the front of the fibula, 
the fibres passing obliquely downwards and outwards. It 
lies beneath the popliteus, and its anterior surface is covered 
by the peroneus longus. 

Another muscle, the fibres of which go in the opposite 
direction, exists in the Wombat and some other allied 
forms. It passes downw'ards from the fibula to the tibia in 
the place of the interosseous membrane. It is largely deve- 
loped in the Iguana, Chameleon, and Menopoma, and has 
been called peronco-tibial (Fig. 320, PT), 

The Jlexor longus digitorum pedis may take origin not 
only from the leg, but also from the femur, as in Nycticebus 
and Pteropus; and it may have mainly a fibular origin, as in 
the Armadillo and Cape Ant-eater. Kven in man’s own order 
{eg, in Lemur) it may present the singular character of 
origin from the front of the leg, ascending between the 
rotator fibula? (before mentioned} above and across the 
interosseous membrane, so as to be in contact with the pos- 
terior margin of the tibialis anticus. It may be very much 
smaller than the flexor longus hallucis, as in the Agouti and 
Hyrax, and especially in the Virginian Opossum. It may, on 
the contrary, be very mprh larger indeed than the other, and 
have a double origin from the femur, thus indeed forming 
two muscles, as in Chamcrleo Parsomi (Fig. 316). The gene- 
rally slight connexion w'hich exists between the tendons of 
the two long flexors of man is, as it were, a remnant of a 
far closer connexion existing in other forms, as (in the ex- 
treme) m the Horse and Tapir, where they unite completely 
into one tendon, which then again divides, in the latter 
animal, to form the perforating tendons of the digits. 

I’he flexor longus pollias pedis seu hallucis may thus 
entirely blend with the last-noticed muscle as regards its 
tendon. On the contrary, as in Cyclothurus^ it may be more 
completely separated from it than in man. It may be entirely 
absent, or it may be very large as in the Three-toed Sloth. 
It may be present but send no tendon to the hallux, as in the 
Orang, in which it springs from the outer condyle. It may 
appear on the front of the leg, as in Chamceleo Parsoniu It is 
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still distinguishable, even in Tailed-Batrachians, as in Meno- 
poma and Menobranchus, 

The tibialis ppsticus may be entirely absent, even in man’s 
class, as in the Rabbit and Tapir. It may be very strong, 
and inserted into the astragalus, as in the Echidna, or run 
on to the ento-cuneiforme, as in Lemur. The muscle may 
be very greatly developed, as in the Beaver and Wombat. It 
IS constant, as not only in Reptiles (e.g. Iguana and 
Chameleo)^ but even in the Frog it exists (inserted into the 
astragalus), though it does not seem distinct in Tailed- 
Batrachians. 



Fro 318 — Tendons and Muscles ok Extensor Aspect of Foot*ok Eagle 
i^Aquilafiu ostt). 

1, tibialis anticus ; 2 and 3,peronei ; 4, tendon of extensor longus digitorum pedis , 
5 and 6, extensor hallucis ; 7 and 8, tendons going to third and fourth digits 
respectively 

{A/ier A Aft hie- Edwards.) 


27. The MUSCLES OF THE FOOT of man possess of course, 
like its skeleton, special characters in harmony ^with the 
peculiar function of that organ as the sole support and agent 
of progression of an erect and relatively large and ponderous 
body. These muscles, like those of the hand, can for the 
most part be profitably compared only with those of man’s 
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own clasS; but even in that they may be reduced to a mini- 
mum, as in the Horse. The foot may be largely developed, 
with four elongated and prehensile digits, and yet have very 
little muscular tissue, as m Birds. Some leg muscles may be 
present, and yet there may be no foot-muscles, as is the case 
in Lialis Burtonii, 

I'he abductor pollicis pedis sett hallucis is often absent, as 
in the Horse ; yet it exists in both Reptiles and Batrachians, 
as, in the Chameleon and the Frog. 



F*ig 319 - Muscles and Tendons of Soi k of Hind Foot of Hyrax 

J'ack^ tcndo Achilhs : Flh, tendon of flexor longus hallucis; tendon of flexor 
longus digitoruin ; flexor bievis digitorum, with one of us perforated 

tendons cut through and the whole nniscle drawn to the one side to expose the 
deep flexor tendons , A, accessorius ; A, lumbricales. 

Flexor previs digitorum. This may be absent, and then 
is often replaced by the plantaris, as, eg,^ in the Tig and 
Rabbit. It may arise exclusively from the surface of the deep 
flexor tendon, as in Nycticebus, and in no member of man^s 
order but man himself does it arise from the os calcis only. 
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The abductor digtti minimi may be absent, as in many 
forms, e,g. the Horse; or it may be very large and aided, as in 
Lemur, by another muscle (which is generally absent in man) 
called abductor ossis metatarsi quinti^ and which, arising 
from ‘the calcancum, is inserted into the fifth metatarsal. 

Flexor accessorius (Fig. 319). I'his may be altogether 
wanting, not only in such forms as the Horse, but even in 
members of man's order, c.g. Lemur. It may be inserted by 
muscular fibre into the perforating flexor tendons, or it may 
furnish most of the long flexor tendons, as in Hapale. It 
IS a more constant muscle than might be expected, as it is 
to be found in the Iguana. It may be enormous, with three 
ileshy bellies, as m the 'I'liree-toed Sloth. 

Lufft bn tales (Fig. 317). These muscles may be quite 
absent, as in the Hedgehog, Seal, and Three-toed Sloth, and 
m birds. They ma) be represented by tendons c)nly, as in 
the Horse, "i'hcy may be only two in number, as in the 
Agouti and H)rax ; or they may be as many as six or se\’en 
in number, as in Bats. 'Fhey are more constant structures 
than might have been expected, as they are found in Reptiles, 
eg. in the Iguana and Chameleon, and in the Frog, though 
they do not seem to be developed in Tailed- Batiachians. 

Flexor brevts pollias pedis. As need hardly be said, this 
muscle may be entirely absent. It may, houever, reappear 
when \\ anted, low down in the scale, c.g. in Chamceleo 
Parsoiiii and the P'rog. 

I'he adductor poll ids pedis may perhaps be represented 
in the Frog by a large muscle taking origin between the 
elongated tarsal bones ; but it is inserted into the naviculare 
and accessory tarsal ossicle. 

I'rans 7 >ersus pedis. This may be larger relativeh than in 
man, as in the Apes. It may be blended with the muscle last 
noticed, as in Lemu}\ and it may, as in many fojms [c.g. 
the Horse) be absent altogether. Muscular fibres may be 
inserted into the metatarsal of the hallux, thus forming an 
opponens hallucis, as in the Orang ; and a similar structure 
may be still further developed in a singularly low form, 
i.e. the P’rog, where an opponens muscle is supplied to each 
of the four inner digits, and this in addition to transverst 
muscles, which extend between the first and second, second 
and third, and third and fifth digits respectively. 

A flexor brevis digiti minimi pedis may be present, as in 
Apes, or it may be absent, as in many forms. It exfsts in 
the Iguana (Fig. 317) and Chameleon. In addition to this 
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an abductor minimi digiti pedis may exist in man’s order, e.g. 
in Lemur, and also in the Frog, where it is largely developed. 

Intcrossei. The interossei of the human foot are peculiar, 
as in all Apes (even in the Gorilla) they resemble in arrange- 
ment the interossei of the hand, owing to the arising of the 
fibular interosseus of the second digit from the middle meta- 



Fkj 320—- Deeper Frovt Vrpw 01 Kk.ht Lr-« or* Parson’s Chameleon 

cxtensores phaiatji'onim , and /-\ cxtcnsores rnetatarsorutn ; tSA, 
extensor loiigusdi.ijJtoruni ; All, flexor hillucis ; /”, perorieus ; Z'/’, popliteus ; 
/*7’, pcroueo-tibial , AA, tibialis aniicu> 

« 

tarsals on the dorsal side of the tibial interosseus af the middle 
digit. They are nearly constant muscles, and are largely 
developed even in Batrachians, as in the Frog, which animal 
possesses indeed a singularly rich myological furniture of the 
foot. In the Bat there are two interossei to each toe. They 
may consist, as in the Horse, of two small muscles, one 
being placJed between the styliform and the large metacarpal 
on each side. 

28. Thus, as might have been expected, man’s muscles 
follow the type exhibited by his class and order, still pre- 



VIIL] THE MUSCLES. 361 

senting normally certain special peculiarities, though such 
differences are not absolutely constant, owing to individual 
variation. Thus he is peculiar in the following points : He 
has an extensor primi internodii pollicis and a peroneus ter- 
tins: He has the flexor longus potlicis disconnected from 
the flexor profundus digitorum. His soleus arises both from 
the tibia and the fibula, and his flexor brevis digitorum 
springs entirely from the calcaneum. Moreover, the pero- 
neal interossciis muscle of the second toe arises on the 
dorsal side of the orig n of the tibial interosseus of the 
middle toe, 

29. In comparing the myology of the pectoral and pelvic 
limbs of man, we find that owing to the diverse flexure of the 
two limbs, the extensors are placed forwards in the lower 
limb, backwards in the upper one. The flexors of the upper 
limb easily bend the hand upon the arm, but those of the 
lower cannot bend the foot upon the leg ; at the most they 
straighten it — a motion called “ extension,” but which is really 
an imperfect flexion.” 

The serial homology of the appendicular muscles can only 
be understood by imagining the limbs in their primitive 
position, with the extensors outwards, the flexors inwards. 
Then we have the supra- and infra-spinatus and the iliacus, 
the extensor carpi radialis and tibialis anticus, all pre-axial ; 
the sub-scapularis and glutei, the peronei and the extensor 
ulnaris, all post-axial. 

The muscles inserted into the post-axial tuberosity of the 
humerus lie in man on the inner side of the thoracic girdle 
(sub-scapular surface), those inserted into the post-axial tro- 
chanter of the femur lie on the outer side of the pelvic girdle 
(gluteal surface). Their positions may, however, correspond 
unmistakably, as in the Echidna. 

Muscles inserted into the pro-axial trochanter arke within 
the ribs. No muscles so arising (except in Chelonians) go to 
the pre-axial tuberosity. 

In man there are no common flexors or extensors taking 
origin in the hand in the upper limb, and none such springing 
from the femur in the lower one ; but we have seen that both 
these conditions may exist in other animals. 

In the arm, the long flexors of the thumb and digits arise 
on the same side of the limb as that to which they are 
distributed. 

In the leg, they arise from the opposite side to that of their 
distribution, their tendons crossing each other. 
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In the arm, the extensor muscles cross each other ; in 
leg they do not. 

The triceps is the great extensor of the aim, thp qu 
riceps of the leg. 

The peronei/s longus and Jlexor accessorius arc leg muse 
which resemble nothing in the arm of any animal, 
interlacing like that which takes place between the fle 
tendons of man’s foot, is absent in his hand, but is pres^ 
in the hand of some animals, e.g. Nycticebus. 

An opponens present in the pollex is wanting m the hal 
in man, but the hallux of the Orang is furnished with 
opponens. 

30. The muscular system is that in which the plastic pov 
which co-adapts structure and function is pre-eminently cc 
spicuous, as is well shown in the Frog’s foot and the wir 
edge muscle of Bats and Birds.' Thus homologies becoi 
difficult to determine, being disguised by such an abunclar 
of adaptive modifications. 

Though there is a general correspondence between t 
development of the skeleton and of the muscles which clot 
it, yet sometimes skeletal parts may be greatly increased 
size, while at the same lime there is a simultaneous decrca 
in the relative development of the muscles annexed, as in t 
hand of Bats and the thorax of Chelonians. 

The endo-skeletal muscles may be divided into (i) axu 
and (2) appendicular. 

The axial muscles, like the skeleton (as we saw in tl 
Sixth Lesson), may be subdivided into three groups : (1) ^ 
axial,^ (2), paraxial^ and (3), hypaxtal. They have a primiti 
relation to vertebral segments, but this relationship is lo! 
and the segments coalesce antero-posteriorly, in non-gi 
bearing Vertebrates. 

The epaxial group includes the inner part of the erecti 
spinas and its continuations, attaining perhaps its maximu 
of development in the Flat Fishes, eg, the Sole, and i 
minimum in Fishes like Ostracion and in the Tortoises. 

The paraxial group includes the outer part of the erect 
spinae and its continuations, also the scaleni, levaton 
costarum, intercostals, abdominal muscles, rectus, and cut 
lower tail<nuscles of TailedrBatrachians and at least mar 
Fishes. This group is at its maximum of differentiation 1 
Serpents, 
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In the arm, the extensor muscles cross each other ; in the 
leg they do not. 

The triceps is the great extensor of the aim, thp quad- 
riceps of the leg. 

The perojietis lojigus and flexor accessorius are leg muscles 
which resemble nothing m the arm of an}' animal. An 
interlacing like that which takes place bctv\ccn the flexor 
tendons of man’s foot, is absent in his hand, but is present 
in the hand of some animals, e.ct. Nyctiicdus. 

An opponens present m the pollex is wanting in the hallux 
in man, but the hallux of the Orang is furnished with an 
opponens. 

30. 'I'he muscular system is that in which the plastic power 
which co-adapts structure and function is pre-eminently con- 
spicuous, as IS well shown m the Frog’s foot and the wing- 
edge muscle of Hats and Birds. Thus homologies liecomc 
difficult to determine, being disguised by such an abundance 
of adaptive modifications. 

Though there is a general correspondence between the 
development of th^ skeleton and of the muscles which clothe 
it, yet sometimes skeletal pa its may be greatly mcie.ised in 
size, while at the s<imc time there is a simultaneous decrease 
in the relative cle\ elopinent of the muscles annexed, as in the 
hand of Hats and the thorax of Chelonians. 

The endo-skeletal muscles maybe divided into (i) axial^ 
and (2) appcndiiidar. 

'fhe axial muscles, like the skeleton (as we saw in the 
Sixth Lesson), may be subdivided into three groups : (1) ep- 
axial., {2), paraxial, and (3), hypaxiaL They have a primitive 
relation to vertebral segments, but this relationship is lost, 
and the segments coalesce antero-postcnorly, m non -gill- 
bearing Vertebrates. 

'Fhe cpaxial group includes the inner part of the erector 
spiUcC and its continuations, attaining perhaps its m.iximum 
of development in the Flat Fishes, c.g. the Sole, and its 
minimum m Fishes like Ostracion and in the Tortoises. 

The paraxial grou]i includes the outer part of the erector 
spinx* and its continuations, also the scaleni, Icvatores 
costarum, intercostals, abdominal muscles, rectus, and outer 
lower tail smisclcs of Tailed-Hatrac hums and at l(‘ast many 
Fishes. 'J’his group is at its maximum of diffeicntiation in 
Serpents. 

The hypaxial group includes the recti antici, longus colli, 
sub-vertebral muscles of Birds, Serpents, and Tailed- Batra- 
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chians, also the psoas and fenioro-caudal and the muscular 
masses investing the chevron bones of Cetaceans, and the 
lower caudal muscles of some Fishes, tlie Sole. 



Ki(. “Sl »'i la K I \L Mjsmp.sof jh. Pekch 
1 he liii rays of .»11 the* fins au cut shoit off 


1, great lateral iiiusi le, showing the munerous vtiiical tendiium.s intersectioiis 
shghll\ hut vanousK uitlntcd small suptiiicial niusclc'- inserted into the 
fm-ia^s of the dorsal and \citiril fms , 4. '•Icndti hmguudinal musile running 
(in the inter\al (^f tin summits ol the two great lateral muscles) between the 
dorsal and caiuial Inis, s, sunilir mnsde on the \entral margin, which also 
appears lictween the md .\nd >< ntr.d Inis <>, small radiating muscles of the 
caudal fin . 7, pait ol ilu great Literal umstle mseried into the sLull . 8 and 9, 
elevators of the open ultmi , 10, clcv.it >1 ol the palato t]u.ulratc arch, 11 and 
1.*, muscular rra-^s whiih h> its conii.utiou closes the jaws, 13, superficial 
muscles of the pc cl 01 al tin , 14 and 15, muscles of the ventral fin. 


The muscles vlnch invest that special division of the 
hypa\h\l skeleton, the s[)lanchuapoph) scs, also constitute a 
t;ioup by themselves, connecting together the hyo-branehial 
arches and the jaws, the stylo-byoid, constrictois of the 
pharynx, buccinator, ike, « 

'I'hc appendicular muscles may be divided into those of the 
liinb-girdlcs and those of the appended hmb. 

They may be at a maximum of size in relation to the axial 
system, but simple and without anv special differentiations, 
as in the Rays. 'Flicy may he at ihcir maximuiii of dif- 
ferentiation, though less in relative or even in absolute size, 
as in the highest Mammals. 

'rhis differentiation begins to be indicated directly weascend 
from the class of Fishes, as we have seen that even in the 
'Failcd-Batrachians definite flcxois, extensors, pro- and su- 
pinators already aiipcar ; and these distinctions, once esta- 
i)lished, persist up to man himself, though with increasing 
complications. Special complications, especially of the 
muscles of the pelvic limb, have been found by us to be 
developed in Reptiles, such as we do not find in man's 
owm class. 
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Considered independently of the bony skeleton, the muscu- 
lar system may, as its simplest, expression, be conceived as a 
fleshy, antero-posteriorly extendea envelope of the body, cut 
up, at regular intervals, into a series of successive segments, 
by means of transverse aponeurotic membranes extending 
outwards from the body axis to the skin. 

From this primitive condition the muscles of the back may 
be conceived as arising by means of increasing, obliquity, 


I 2 



4 3 

Fig 322 —Diagram of Caudal Mu<5cle<> of Right Side of Tail op Iguana, 
showing the obliquity of the aponeurotic intersections of the muscular 
portions which are themselves drawn out into cones yet preserving a 
numerical relation to the supporting vertebrae. 

N, neural spine ; //, hypapophysial spine ; a, zygapophysis ; transverse pro- 
cess ; 1, dorsal series of cone^. ; 2, upper lateral series of cones ; 3, lower series 
of cones ; 4, ventral serie.s of ames. 

conical prolongation, and partial detachment (from muscle) 
of the aponeuroses, together with condensation of their pro- 
duced ends till the latter become Arm tendons, directed more 
or less obliquely forwards — the muscular fibres, in the mean- 
while, taking slightly different directions at different depths. 

The muscles of the abdomen may be conceived as arising 
through atrophy of the transverse aponeuroses (of which the 
linecB transversa of the rectus are the last remains) and 
differentiation of the muscular mass into superimposed 
sheets of^differently directed fibres. 

The muscles of the limbs may be conceived * as arising as 
conical sheaths of muscular fibres investing protruding limb- 
rudiments, and becoming divided and annexed to successive 
limb-segments as such limb-rudiments become developed 
and segmented— finally assuming the form of a median and 
two lateral groups of muscles both on the extensor and flexor 
surfaces oC each limb. 

* As has been suggested by Professor Humphrey, F.R.S. 
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LESSON IX. 

THE NERVOUS SYSTEM AND ORGANS OF SENSE. 

1. ^HE NERVOUS SYSTEM may perhaps be considered the 
primary and most important of all the systems of parts of 
which the body is composed, because it dominates and 
directs, as it were, the actions of the other parts. Moreover, 
sometimes at least, it serves as a criterion in settling dis* 
puted homologies of structures which belong to other systems. 
Thus, the question as to what bone in one animal answers to 
what bone in another animal is often determined, as in the 
case of some cranial bones, by the several relations of such 
bones to a certain nerve ; and the same kind of test may 
not improbably serve to determine many muscular homo- 
logies also. 

2. The PRIMARY STRUCTURES of which the nervous system 
is composed (i.e. nerve-fibres ganglionic corpuscles) have 
been described in the “ Elementary Physiology,” Lesson 
XI 1 . §§ 16 and 19, and the nervous system as a whole has 
also been sketched in Lesson XI. of the same work. 
Therein have been duly set forth its main component parts 
— the brain and spinal marrow (or cerebro-spinal axis), to-' 
gether with the membranes which invest them— as also the 
nerves issuing from such parts, including those which are 
spoken of as the sympatlietic system. 

3. Here we must recapitulate so far as to state that the 
solid structures (skull and neural vertebral canal) which pro- 
tect the cerebro-spinal axis are lined by a dense membrane — 
the dura mater; while the cerebro-spinal axis itself is closely 
invested by a delicate membrane— the pia mater. Inter- 
posed between the two is a double very delicate epithelial 
layer (called the arachnoid), forming a shut sac (as the peri- 
toneum forms a shut sac) and containing the arachnoia 
fluid. 
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The cerebro-spinal axis encloses a cavity (of very different 
size and shape in different parts) which is lined by another 
very delicate epithelial layer called the cpendema, 

4, The BRAIN fills up the whole cranial cavity, fitting into 
all those depressions which w'e have found to exist on the 
floor of that cavity. 

On removing the upper part of the skull and the dura 
matcr^ the surface of the brain is seen as a convex mass 
covered with numerous meandering, contorted prominences 
(convolutions or gyri)^ separated by corresponding depres- 
sions (fissures or sulci). The whole mass is sharply divided 
by a very deep fissure running from before backwards, and 
dividing the visible part of the brain into two lateral halves, 



Fig 323 — The Upper Surface of the Brain of Man, showing the deep 
longitudinal fissure dividing the two hemispheres, with their numerous and 
unsymnictncal convolutions 

termed hemispheres, and the whole convoluted mass is called 
the cerebrum. Thus the cerebral hemispheres of man extend 
so far forwards, outwards, and backwards that no other part 
of the cerebro-spinal axis is visible when the brain is viewed 
from above 'fhe pia mater so closely invests this mass that 
it passes down not only into the great median longitudinal 
fissure, but into all the sulci of tlic cerebrum. The dura 
mater p.isics into the longitudinal fissure only, where it forms 
the falx, which, as wc have found in some animals (e.g. the 
Omithorhynchus), becomes ossified. 

Upon pushing apart the two cerebral hemispheres, these 
are seen to be connected by a la^-ge transverse band (called 
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the corpus callosum) which extends much nearer to the an- 
terior than to the posterior end of the longitudinal fissure. 
In front of the corpus callosum is seen nothing but the 
anterior fossa of the cranial cavity ; but behind the corpus 
callosum (after removing that fold of the dura mater, the 
tentorium — so often ossified in brutes — which extends in from 
behind, below the cerebrum) we find the upper surface of 
another part of the cerebro-spinal axis, called the cerebellum.^ 
which is marked with numerous transverse, close, narrow 
grooves. To remove the entire brain from the skull it is 
necessary to cut through that part of the cerebro-spinal axis 
where the brain (at the foramen magnum) becomes con- 
tinuous with the spinal marrow. 

5. Having done this, and inverted the organ, a variety of 
parts come into view, its INFERIOR SURFACE being very 
irregular and complex as compared with its superior surface. 

Proceeding from behind forwards, we find that the part in 
front of the section which we haye just made is narrow and 
cylindrical. This is the medulla oblongaia. It is marked by 
a median groove, on each side of which is what is called 
the anterior pyramid, and outside each such pyramid is a 
rounded, oblong prominence, termed the olivary body ; and 
external to and tjehind each of these is a band named the 
restiform tract. The cut .surface of the medulla exhibits that 
double-crescentic arrangement of grey tissue described in the 
‘‘Elementary Physiology,” Lesson XI. § 5. 

On each side of the medulla oblongata is seen a large con- 
vex mass of tissue marked with many curved, transverse, 
narrow grooves. This is the cerebellum . and its two lateral 
parts meet together behind the medulla and form what is 
called the inferior vermis. This l.ittei is the under part of 
that median portion of the cerebellum which we saw by 
divaricating the hinder parts of the cerebral hemispheres— 
and wliich is called the superior vcimiis (Fig. 328, sv). The 
median part of the cerebellum is small compared w-ith its 
tw^o great lateral lobes. 

The cerebellum lies in that fossa of the cranial cavity 
w'hich we have seen to be bounded in front by the petrous 
part of the temporal bones, and behind by the line of attach- 
ment of the tcntoiiiim to the occipital bone. , 

On each side of the anterior part of the under surface of 
the cerebellum is a small process, or lobe, called ihe flocculus. 
It does not occupy any special fossa in the temporal bone. 

Continuing on in the middle line, we find in front of the 
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medulla oblongata, a convex eminence formed of transverse 
fibres running across from one lateral lobe of the cerebellum 



jpn. 324 . — The liASE Oh THP liKAlN 

yl, frontal lobe, />’, temporal lobe of the cerebral hemispheres, CC^ corpus 
callosum*. Cb^ cerebellum: medulla oblonpjata . P, the pituitary body; 

/. the olfactory nerve. //, the optic nerve; /// /K. K/ the nerves of tne 
muscles of the eye ; F the trigeminal nerve ; K// the poitio dura ; f'///. the 
auditory nerve , the glosso-pharyngcal , A', the pneumogastric , AY. the 
spinal accessory, AY/, the hypoglossal, or motor nerve of the tongue The 
number K/. is placed upon the ptms I'arolu The crura cerebri are the 
broad bundles of fibres which he between the Uiird and the fourth nerves on 
each side. Between the crura cerebri and behind the pituitary body ate placed 
the rounded corpora matnmiUaria sylvian fissure. 

t 

to the other, somewhat like a bridge, and thence called the pons 
Varolii, It lies upon the basilar surface of the occipital bone. 

Emerging from the front of the pons are two masses of 
longitudinal fibres (called the crura cerebri) which diverge 
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as they advance, and are crossed superficially by two an- 
teriorly converging round cords, the optic tracts (which unite 
to form the optic nerves), and thus a lozenge-shaped space 
is enclosed. In the hinder part of this space are two small 
rounded bodies placed side by side, called the corpora 
mammillaria. In front of these is a slight prominence 
termed the tuber cinereuniy from the middle of which pro- 
jects a conical process, the infundibulum ; at the end of the 
infundibulum is a small oval reddish mass called the pituitary 
bodyy which is received into the pituitary fossa (or sella 
turcica) of the sphenoid bone. 

In front and beside these small median parts are those 
voluminous masses the cerebral hemispheres, which thus 
form the larger part of even the under surface of the brain. 

The great longitudinal fissure is seen in the middle line in 
front, and another considerable lateral fissure (called the 
Sylvian fissure) separates obliquely (Fig. 325) the anterior (or 
frontal) lobe from the one behind (or temporal lobe) of the 
same hemisphere. This Sylvian fissure receives (when the 
brain is in place) the hinder edge of the orbital wing of the 
sphenoid, while the frontal lobe lies upon the orbital plate ot 
the frontal bone, and the temporal lobe lies in that cranial 
fossa which is bounded in front by the orbital wing of the sphe- 
noid and behind by the petrous part of the temporal bone. 

In a groove on the under surface of each frontal lobe is a 
body, shaped something like a life-preserver, with an oblong 
head and a long stalk. This is the oIfacto 7 y lobe, the so- 
called ‘‘ olfactory nerve.” 

Upon turning back the optic tracts— at their union in what 
is called the optic commissure — a delicate layer is seen to 
connect them with the anterior end of the corpus callosum. 
This delicate layer is called the lamina cinerea^ or lamina 
terminalis. % 

When the brain is viewed in profile wc see the convoluted 
surface of one of the cerebral hemispheres with the deep 
Sylvian fissure running backwards and slightly upwards from 
its inferior margin, and separating the temporal lobe from 
the frontal one. When this fissure is opened out, a triangular 
convoluted prominence is exposed, called the Island of ReiL 
^ Below and behind the cerebrum we see the cerebellum with 
the pons Varolii in front of it, beneath which the medulla runs 
down to merge into the spinal cord (Fig. 325). 

To obtain a more complete knowledge of the structure of 
the brain, certain definite sections must be made. 

B B 
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6. Thus, if the whole organ be vertically bisected in 
the line of the longitudinal fissure, we find as follows : — 

The inner surface of the cerebral hemisphere in view is 



Fig. 335. —Side View op the Brain and Upper Part op the Spinal Marrow 
in place, the parts which cover the cercbro-spinal centres being removed. 

<1, front part of atlas vertebra applied to the odontoid process behind it ; body 
of third cervical vertebra : r, cerebrum —the long continuous groove imme- 
diately a^ve the convolution to which the letters points, is the Syhnan fissure^ 
while the convolution itself forms part of the temporal lobe of the cerebrum , 
cb^ cerebellum ; w, medulla oblongata ; A pons Varolii , arch of skull cut 
through ; spinous process of axis verteora 

very much convoluted, and the cerebrum may be seen to 
extend beyond the olfactory lobe in front and beyond the 
cerebellum behind. 

Beneath the middle of the cerebrum we come to the cut 
surface of the corpus callosum, the front part of which 
bends sharply backwards and downwards, forming what is 
called tl}e knee {genu). Beneath the bent-back extremity of 
the corpus callosum is the cut edge of the lamina cinerea (or 
terminalis). At the upper part of this lamina we find the 
cut surface of a transversely-extending white cord, called the 
anterior commissure, and immediately behind the lamina we 
find another cord, part of what is called the fornix. This 
latter structure extends, not transversely, but at first upwards 
and forwards, afterwards curving backwards it passes to the 
hinder part of the corpus callosum. Filling up the space 
between the corpus callosum and fornix is a delicate membrane 
called the septum lucidum. 

Below the fornix we have evidently cut into a cavity ex- 
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tending down into the infundibulum and bounded in front 
by the lamina terminalis. This cavity is called the thira 



Fig. 326-- The Bratn as .seen when a Vertical Longitudinal Section 

HAS BEEN MADE THROUGH ITS MIDDLE 
Av^ arbor vitae of the cerebellum ; r, cerebrum ; cc^ corpus callo-sum ; corpora 
quadrigemina ; /, fornix fbetween the fornix and the corpus callosum is the 
septum lucidum) ; w<, medulla oblongata ; ma, corpus mammillare . on, optic 
nerve ; pi, pineal gland . pt, pituitary body : pv, pons Varolii ; s, soft, or 
middle commissure. 

ventricle. A small aperture (the foramen of Monro) opens 
immediately behind the anterior part of the fornix, and a 



Fig 327.— Enlarged and Diagrammatic View ok a Vertical Section 

CAKKIKD THROUGH THE CoRPUS CaLLOSUM AND THE PARTS BFLOW. 
ac, anterior commissure ; cc, corpus callosum ; chi, cerebellum ; ctn, corpus 
mammillare , f, fornix \/nt, foramen of Monro , », infundibulum ijp, locus; 
perforatus medius ; nw, medulla oblongata , na, nate.s , on, optic nerve ; 
posterior commissure , pr\ pons Varolii . pi, pineal gland ; pt, pitflitary body ; 
s, soft, or middle commissure : si, septum lucidum : i, lamina terminalis , to, 
testes ; V, velum interpositum (between it and the fornix is a space enclosed by 
the folding over of the cerebrum upon the roof of the third ventricle) ; 3, upper, 
and 3', lower part of third ventricle , 4, fourth ventricle — between them is the 
iior a tertio ad qnartum venirtcitlum. 

B B 2 
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little behirid this aperture is the cut edge of a bundle of 
transverse fibres which form what is called the soft (or middle) 
commissure. The third ventricle is bounded above by a 
delicate membrane, the velum interpositum.^ which thickens 
behind and forms a small prominence which projects back- 
wards and is called the pineal gland— us of the 
pituitary body below. The third ventricle is bounded inferiorly 
by the corpora mammillaria and crura cerebri (the cut sur- 
faces of which are visible in Fig. 327 just above the pons 
Varolii), and by the infundibulum, into which it extends. 

The cavity just described, the third ventricle, is not shut in 
at its hinder end below, but continues on as a very narrow 
passage (the iter a tertio ad quartum ventriculum), bounded 
in front by the crura cerebri and behind by a layer of nervous 
matter continuous with the pineal gland, and exhibiting the 
cut surface of a small transverse cord (the posterior commis- 
sure)^ and also two prominences in section— part of the 
corpora quadrigemina. A little lower down, this passage 
expands into a second cavity (the fourth ventricle)^ bounded 
in front by the medulla oblongata and behind by the cere- 
bellum above, and below the cerebellum by an exceedingly 
delicate layer of nervous tissue. 

The cerebellum in section shows singular radiating tree- 
like ramifications of nervous substance (grey and white), due 
to infoldings of the surface of the organ, and called the arbor 
vitm. 

Thus the extension backwards of the corpus callosum 
and cerebrum altogether overlaps a certain portion of the 
brain, namely, the pineal gland and parts adjacent. When 
these are exposed by a special section the' corpora quadri- 
gemina are seen to consist of two pairs of small prominences 
(but little different in size) placed side by side immediately 
behind the pineal gland. The anterior pair are called the 
nates^ the posterior pair the testes. They are solid structures. 

7. Other sections (Figs. 328 and 329) are necessary to 
make clear other matters. Thus, the foramen of Monro is 
the entrance to a cavity which is placed in the cerebral hemi- 
sphere of the same side, these two cavities constituting the 
first and second (or two lateral) ventricles. 

The so-called foramen of Monro is, in fact, a Y-shaped 
passage. It is single below, where it communicates with the 
third ventricle, but divides above into two branches, one to 
each lateral ventricle. 

Each lateral ventricle is tri-radiat^ and said to have three 
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cornua. The anterior cornu passes into the frontal lobe. 
The posterior cornu passes into the hinder or occipital lobe. 
The third, or descending cornu, passes into the temporal lobe. 
Certain sulci on the surface of the cerebrum extend so deeply 
as to produce eminences on the inner surface of the lateral 


tt 



Fig 328 —Horizontal Section of part of thf Brain, the cerebrum and 
velum interpositum being removed, the fornix and septum lucidum being cut 
through, and the third and fifth ventricles and the upper surface of the cere- 
bellum being exposed. 

nr, anterior commissure ; rc, corpus callosum ; ch^ cerebellum ; cf^ crura of fornix . 
nates; op^ optic thalamus, pc^ posterior commissure, pi, pineal gland , 
middle, or soft commissure , st, corpus striatum , srv, superior vermis ; 
A testes ; 4, fourth nerve ; 5, fifth ventricle— on each side of it is a lamina of 
the septum lucidum cut through. 

ventricles. One such insignificant structure in the posterior 
cornu is spoken of as the hippocampus minor; another in the 
descending cornu has been termed the hippocampus major. 
Careful inspection shows that the septum lucidum is really 
double, enclosing a very narrow space— * the fifth uientricle — 
the laminae of the septum lucidum passing downwards from 
the corpus callosum to the fornix. 

This fornix is made up of two white cords closely approxi- 
mated anteriorly and diverging widely behind. Each springs 
from one of the corpora mammillaria, and the two cords 
(ci*ura) ascend (side by side) behind the anterior commissure, 
and with a branch of the foramen of Monro on th^ outer side 
of each. They then curve backwards, diverging,, but at the 
same time united by a delicate membrane called the fyra. 
They become connected with the corpus callosum, and then 
pass into each descending cornu of the lateral ventricles. 
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Two rounded bodies (tbe optic thalami) are i^aced one on 
each side of the first described cavity (the third ventricle)^ 
and are connected by the soft and posterior commissures. 
Two other rounded bodies (the corpora striatal are plftced one 
in each cerebral hemisphere betwe^m the anterior ana descend- 
ing cornua. They are connected by the anterior commissary. 


s 



Fig. 309 —Diagram of a Transverse Vertical Section of the Brain, 

MADE through THE SECOND, ThIRD, AND FiFTM VENTRICLES. 

c, cerebrum ; c\ its temporal lobe : cc, corpus callosum ; cm, corpora mammillaria; 
/, fornix ; /w, foramen of Monro ; <?/, one of the two optic thalami ; //, the 
^pituitary body ; s, middle, or soft commissure , one of the two corpora 
striata . 1/, velum interpositum ; jr, space enclosed between the velum andf the 
fornix ; v, fissure of Sylvius ; 2, lateral ventricles ; 2', the ascending cornu of 
a lateral ventricle; a' , its descending cornu ; 3 and 3’, the third ventricle ; 5, 
the fifth ventricle. 

8. The DEVELOPMENT of this complex organ is as follows : — 
At first there are three hollow vesicles placed one in front of 
the other, their three cavities (which open one into another) 
being expansions of the anterior end of the primitive groove 
and subsequent canal of the embryonic cerebro-spinal axis. 
These three vesicles are called respectively, (i) the hind- 
brain, (2) the mid-brain, and (3) the fore-brain (Fig. 330). 

The superior surface of the fore-brain becomes the velum 
interpositum, and from its hinder part the pineal gland 
arises, while the infundibulum and pituitary body appear at 
its inferior* surface. Its cavity is therefore what afterwards 
becomes the third ventricle. 

The mid-brain becomes the corpora quadrigemina above 
and the crura cerebri below, while its greatly reduced cavity 
is ultimately the iter a tertio ad quartum vcntriculum. 
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The hind-brain sends out an outgrowth above, which is the 
cerebellupi. Its upper wall becomes excessively thin, a mere 
delicate layer of epithelium, which roofs its cavity— the fourth 
ventricle^ 

The anteriof end of the first vesicle (or fore-brain) becomes 
the lamina terminalis. On each, side of it another vesicle 
grows out, which is one of the cerebral hemispheres, and the 
aperture of communication is the future foramen of Munro. 

From the anterior part of the floor of each cerebral hemi- 
sphere yet another vesicle buds forth, which is the future 
olfactory lobe (or nerve), the cavity of which becomes ob- 
literated in the adult. 

The three original hollow vesicles and the olfactory lobes 
remain small, but the cerebral hemispheres grow out of all 
proportion to the other parts. They also become united 
together by an outgrowth of transverse connecting fibres (the 
corpus callosum), which outgrowth, by this mode of develop- 
ment, comes to enclose what was originally the deepest part 
of the great longitudinal fissure. The space thus enclosed is, 
of course, bounded on each side by part of the inner wall of 
one of the cerebral hemispheres. These parts of the inner 
cerebral walls become however excessively thin, and the two 
parts together form the septum lucidum, while the space 
enclosed between them becomes the fifth ventricle. Thus 
the fifth ventricle is quite different in its nature from all the 
other ventricles of the brain, it being taken in as it were 
from outside space, while all the others are cither remnants of 
the primitive embryonic dorsal groove and canal, or (as the 
lateral and primitive olfactory ventricles) outgrowths from 
and extensions of such. 

9. We may now better understand the nature of some ot 
the parts before noticed. 

The fornix is the median part of what was originally the 
back of the hemispheres. It (together with the lyra which 
joins the two diverging and posterior portions of the fornix), 
really forms part of the outer wall or bag of the cerebrum, 
enclosing the lateral ventricles — each half of the fornix 
belonging to one of the hemispheres. As these grow back- 
wards, the fornix looks more and more downwards, following 
the course of the developing “ temporal lobe.” 

Beneath the fornix is the roof of the third vdhtricle, 
the velum interpositum,and the space betw^een th^ upper sur- 
face of this velum and the under surface of the closely applied 
lyra is morphologically the outside of the brain, though in 
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fact it is in the middle of the complex whole of the adult 
stnictures. 




Fic. 33© -Diagram illustrating the Progressive Changes that take 

PLACE DURING SUCCESSIVE STAGES OF THE DEVELOPMENT OF TUB BrAIN. 

1. The brain in its very early condition, when it consists of three hollow vesicles 

the cavity of which is continuous with the wide cavity {d) of the primitive 
spinal marrow (w) The brain substance forms an envelope of nearly equal 
thicVness throughout. ^ 

2. Here the first vesicle or fore-brain has developed the pineal gland (//) above 



Ijt.] TffJS ATJEJRVOC/S SYSTEM, sit 

and the pituitary body (//) below. The wall at the anterior end of the first 
vesicle (or fore>brain) is the lamina termtnalis (/). 

3 ThU figure shows the cerebrum (cr) budding from the first vesicle, its anterior 
part (o) being prolonged as the olfactory lobe (the so-cailed olfactory nerve), 
the cavity of the cerebrum (or incipient lateral ventricle) communicating with 
that of the olfactory lobe in front and with that of the first cerebral vesicle (third 
ventricle) behind. The latter communication takes place through the foramen 
of Monro The walls of the three primitiye vesicles are becoming of unequal 
thickness, and the cavity (< 4 ) of the middle vesicle ijiter a tertio ad quarlum 
vmtriculnm) is becoming reduced in relative size 

4. The cerebrum is here enlarged, and the inequality in thickness of the wall of 
the primitive vesicles IS uici eased. 'Ihe thickened upper part of the wall of 
the cerebrum is the fornix (/"). 

5, This figure shows the cerebrum still more enlarged, and with a tn- radiate 
cavity' (/, I, 2, 3). 'I'he fornix has now come to look slightly downwards , 
dotted lines indicate the downward extension of its anterior part, into the 
corpora mammillaria. 

6 Here the cerebrum is still more enlarged and backwardly extended. The 
fornix is shown bordering the descending cornu and extending into the 
temporal lobe {//) of the cerebrum, which lobe is destined to descend (when 
the brain is fully developed) so much more that it comes to advance forwards, 
as in Fig. 325 The fornix borders the margin of the very thin outer wall of 
the descending cornu, which when tom foims the fissure of Bichat. The 
bending back of the cerebrum has now almost enclosed (between the fomix 
and the velum) the space (ar) which in Fig. 4 is widely open, making what is 
morphologically called the outside of the brain come practically to be in its 
very centre 

rt, forc'brain : mid-brain ; c, hind*brain ; cb, cerebellum ; cr^ cerebrum ; 

cavity of the medulla . /, fornix ; /, lateral ventricle ; medulla oblongata ; 
ma, corpora mammillaria ; <7, olfactory lobe ; p, pons Varolii ; //, pineal gland : 
pt, pituitary body ; q, corpora quadrigemina ; r, crura cerebri ; /, lamina 
terminalis ; //, temporal lobe of the cerebrum ; jr, space enclosed by the 
extension backwards of the cerebrum ; 1, anterior cornu of lateral ventricle , 
2, its middle or descending cornu , 3, its posterior cornu. 

The velum consists only of the ependyma, the pia mater, 
and the arachnoid. Its margins are very vascular, and bear 
the name of the choroid plexuses. The vascularity continues 
in that -part of the ependyma which passes through the 
foramen of Munro into the lateral ventricles, but of course 
the pia mater and arachnoid do not pass through that fora- 
men, as they never get inside the ventricles at all, but are 
reflected back on the under surface of the fornix. • Thus the 
‘‘ choroid plexuses ” of the lateral ventricles are (like those ot 
the third) merely portions of the ependyma, which happen 
to be very vascular, and not intrusions from without. 

Each cerebral hemisphere is a bag with walls of very un- 
equal thickness. Thus, part of the inner wall running along 
the descending cornu of the lateral ventricle is reduced to 
the ependyma (with the pia mater and arachnoid), and 
readily tears (fonning the fissure of Bichat), and this rupture 
having been mistaken for a natural opening, each lateral 
ventricle has been supposed to communicate with the exterior 
close to the crus cerebri. Each corpus striatum is an out- 
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growth "fyom the middle of the base of its hemisphere, and 
forms the axis around which the whole hemisphere is de- 
veloped. ,The “ Island of Reil” lies in the outer surface of 
each corpus striatum. 

The thalami are thickenings in the outer walls of the 
third ventricle. 

The corpora matmnillaria are the anterior inferior ends of 
the fornix, being the roots of what are called its “ anterior 
pillars.” 

The roof of the fourth ventricle is formed of the ependyma 
alone, the pia mater and arachnoid being reflected over the 
postero-inferior surface of the cerebellum. 

The “ temporal lobe ” of the cerebrum is developed early ; 
the “occipital lobe” is a subsequent outgrowth from the 
hinder part of the hemisphere. 

At first the cerebral hemispheres are smooth, the various 
convolutions arising successively as development proceeds. 

The corpora quadrigemma are at first i-epresented by but 
a single hollow prominence on each side. 

10. A survey of the brain of Vertebrates generally, shows 
us that this organ in man attains a very notable degree ot 
SIZE and complexity. Yet the convolutions of the cerebrum 
may be still more numerous than in him, as we see in the 
Whales ; and the absolute size of the organ in the same 
animals exceeds that of man very considerably. 

It might be supposed that the mass of the brain in man, 
as compared with the weight of his body, is at a maximum ; 
but it is not so, for even in some small Birds the proportional 
weight of the brain is more than twice as great as in man. 

Nevertheless, considering man’s actual bulk, the relative 
size of his brain is very large, for, speaking generally, the 
larger the body the less the relative size of the brain ; so that 
we may sarijly assert that no animal with his bulk of body has 
a brain nearly so large relatively as man has. 

XI. The CEREBRAL HEMISPHERES in man, in that they are 
excessively convoluted, agree with those of the largest ani- 
mals of man’s owm class, but in the smaller members of even 
his own order {e,g. some American Monkeys) they may be 
almost smooth, as is the case in all below Mammals. They 
may be broader relatively than in man, as in Cetaceans, and 
in a less degree in Seals. They may be more truncated 
anteriorly (as in Ruminants), or more pointed (as in the 
Rabbit). 

They may, by rare exception, project back beyond the 
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cerebellum more than in man, as in the Saimill* or they 
may fail to cover that organ even in an Anthropom Ape, Le, 
in the Siamang Gibbon. Generally it is widely uncovered, 
and even in Mammals {e.g. in the Insectivorous Bats) the 
cerebrum may leave the pineal gland and corpora quadri- 
gemina uncovered also, as generally is the case in forms 
below Mammals. 

The presence of lateral ventricles is characteristic of all 
Vertebrates above Fishes, though the possession of tri-radiaie 
lateral ventricles is a character almost peculiar to Man and 
Apes — as only in the Seals besides is there a small posterior 
cornu. Thus the posterior cornu appears, late in zoological 
order as in chronological order, in man himself. N ext to the 
occipital lobe, the temporal one dwindles as we proceed 
from man, the Sylvian fissure gradually opening outwards 
till (as eg, in the Rabbit) there is but a faint indication 
of it. The cerebral hemispheres may be solid, as in Tele- 
ostean Fishes, eg, the Perch. 

That transverse commissure, the corpus callosum, may be 
wanting, as in all below Mammals, and where it is absent 
no fifth ventricle is, of course, enclosed. Part passu wuth the 
diminution of the corpus callosum we find generally in man’s 
:lass an increase in the relative size of the anterior commis- 
sure, but below man^s class the latter remains small in spite 
of the absence of the fonner. Sometimes, however (as in 
Cetacea), with only a fairly developed corpus callosum, the 
anterior commissure may be almost obsolete. 



Fig. 331.— Right Side Vikw of Brain of the Common Lizard 
{Lacerta agUis), 

T, olfactory lobe ; 2, cerebral hemispheres : 3, pineal gland : 4, one of the optic 
lobes ; 5, cerebellum ; 6 , pituitary body , 7, spinal marrow. 

12. The OLFACTORY LOBES of man are mere rudimentary 
structures compared with their condition in many animals, as 
e,g, in the Rabbit, and very often the ventricular cavity which 
is but transitorily present in man, is permanent.* They may 
be sessile promiuences, close to the hemispheres, as in the 
Eels, or placed at the end of large diverging peduncles, as 
in the Rays (Fig. 336, i). They may considerably exceed the 
cerebral hemispheres in size, as in the Lamprey. 
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The true olfactory nerves are filaments which pass from 
the lobes to the inner surface of the olfactory organ. In man 
and Mammals they pass through the foramina of the cribri- 
form plate to the mucous membrane, investing the spongy 
bones (or lateral ethmoid and turbinals) as described in 
Lesson VIII. § 13 of the ** Elementary Physiology.'^ 



Fig. 332.— Vertical Longitudinal Sections or the Nasal Cavitv. 

The left-hand fijture reprc.sents the outer wall of the right nasal cavity ; the right- 
hand figure the left side of the middle partition or septum of the nose, which 
forms the right wall of the left nasiil cavity. 

/, the olfactory lobe and its branches ; K, branches of the fifth nerve ; Pa^ the 
palate which separates the na->al cavity from that of the mouth: the 

superior turbinal bone, ATT', the middle tutbinal ; IT^ the inferior turbinal. 
The letter / is placed in the cerebral cavity. The partition on which the 
olfactory lobe rests, and through which the filaments of the olfactory nerve* 
pass, is the cribriform plate. 


An essentially similar arrangement to that in man exists in 
all Vertebrates above Fishes, except in those destitute of an 
olfactory organ, as the Cetacea. The place of opening of 
the posterior nares within the mouth 
varies not only as before noticed in de- 
scribing the skull, but the aperture may 
be placed half-way down the throat, as 
in Myrmecophaga, The singular elon- 
gation of the nose in the Elephant has 
also been adverted to in the Lesson on 
the Muscles. Singular leaf-like expan- 
sions of membrane may be developed 
from the external skin of the nose, as 
in the Horse-shoe Bats i,Rhinolopkus 
and Megaderma^ especially the latter 
genus) and Vampires {Phyilastoma) ; 
and an extra median ossicle may be developed in the snout, 
as e.g. in the Mole 
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The anterior bony nares may be continued on by a single 
passage having a single opening on the surface (as in the 
Porpoise), the thannel being also connected with a complex 
appendage of sacs. 

Each nostril may still have two apertures, and yet both of 
these may open on the external surface, as in Fishes. Finally, 
the nasal organ may be absolutely single and median, as in 
the Marsipobranchs, ending below in a blind termination, as 
in the Lamprey, or opening into the pharynx, as in the 
Myxine. 

13. The envelope of the third ventricle of the brain 
is a most constant and morphologically important structure, 
small and subordinate as it appears in adult man. We have 
seen, however, that the fore-brain is relatively large at first, 
even in him, and it so remains in all the members of the 
lowest class of Vertebrates. 

In Fishes indeed this part attains a great relative size, and 
by some anatomists it is believed to combine with part of 



Fic. 334 . — Brain of t ie Perch 
(Pcfca /li 4 Vtattlis)SfLKr* from above. 

i, one of the olfactory lobes ; 2, one 
of the cerebral hemispheres , 3, the 
pineal gland ; 4, one of the hollow 
vesicles commonly called “ optic 
lobes " : 5. the posterior median 
prominence commonly termed the 
cerebellum, but by .some deemed to 
be a .special development of the 
** mid-brain.” 


335.— Vertical Longitudinal 
Section of the Brain of the 
Perch. 

X, an olfactory lobe ; a, ^ne of the cere- 
bral hemispheres ; 3, pineal gland . 

4, the so-called “optic lobes,” show- 
ing the large cavity they contain ; 

5, the median stnicture commonijr 
termed the cerebellum ; 6, the pitui- 
tary body; 7, one of the ioffi 
/erwres. 


the mid-brain to form a lar^ pair of hollow* vesicles in 
proximity to the cerebral hemispheres, and to have various 
complexities of structure within its cavity. This segment 
of the brain is well marked out by the pineal gland abclve 
and the pituitary body below. 



3Sa ELEMEI^TAR Y ANA TOMY. [less. 

The corpora mammillaria may be single, as in the Rabbit, 
or absent, as in Sauropsida. A pair of inferior prominences 
may exist below this region of the third ventricle, called lobi 
inferiores (Fig. 335, 7), which may, but more probably do not, 
answer to the corpora mammillaria. 

14. The corpora quadrigemina in man are again but feeble 
rudiments compared with their possible relative development 
as shown by the brains of other animals. The nates may be 
smaller than the testes (as in the Hedgehog), or larger (as in 
the Rabbit). In that this mid-brain region in man bears 
these four prominences, it agrees with the same part in all 
Mammals, but among Sauropsidans we find instead, two large 
rounded hollow spheres (called the optic lobes), placed in 
Reptiles immediately behind the hemispheres, but in Birds 
depressed to the side of the brain, below the level of the 
cerebellum (Fig. 338, 4). 

It is, however, in Fishes that the mid-brain region attains 
its maximum relative size. This region is considered by 
most writers to form the optic lobes, but it has been asserted 



Fig 336,— Dorsai, Aspect of the Brain of a Ray or Skate(^<ziVi hatis), 

t, one of the two olfactory lobes ; a, the conjoined cerebral hemispheres; 3, the 
pineal gland . 4^ one of the so-called “optic lobes*' ; 5, the median structun 
commonly called the "cerebellum” ; 6 , one of the corpora rc.sliformia. 

to be yet more developed, and to include a part which has 
generally been regarded (and in all probability rightly so) as 
representing the cerebellum of higher animals. Thus in the 
Rays there is a great complex mass folded in numerous 
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convolutions (commonly reckoned as the cerebellum) and ex- 
tending in part into the cavity of the segment of the brain 
in front of it. In many Teleostei {e.g, the Conger) the cor- 
responding structure may consist partly of a fold extending 
into the cavity of the more anteriorly situate cranial vesicle, 
partly of a great smooth median prominence behind it. 

1 5. The CEREBELLUM of man, like his cerebrum, greatly ex- 
ceeds the normal development of the part in Vertebrates 
generally, thus differing from the intermediate brain seg- 
ments which, as we have seen, are in him below the average 
relative development of the same parts in Vertebrates. 

As we descend from man we find an increase of the 
median portion of the cerebellum (the vermis) with a de- 
crease of its lateral lobes, while the flocculus on each side 
becomes prominent, and is (as we have seen) received in a 
special fossa on the surface of the petrous bone. 



337.— Dorsal Aspect of Brain ok a Pigeon {Columba livin). 

2, one of the cerebral hemispheres ; 3, pineal gland ; 4, one of the optic lobes 
(here lateral and depressed) , 5, cerebellum 


Complex folds, forming an arbor vitce^ are common to 
man’s class, to Birds, and to the’ Crocodiles, but are wanting 
in lower forms. 

The cerebellum, even in the highest Ichthyopsida — the 
Frogs and Toads— is reduced to little more than a to'ansvcrse 
band ; and it may be that it is hardly larger in Fishes, if, 
as has been asserted, it forms but the lower part of that great 
convex mass which has been usually described as the cere- 
bellum, and which in the Elasmobranchs is so large and 
convoluted, and is large but smooth in the Teleostei. If, 
however, as is most probably the case, the convex mass is the 
cerebellum, then this organ, after dwindling in size in Batra- 
chians, once more regains its importance as we descend to 
the lowest forms. 

Transverse fibres connecting the two lobes of the cerebel- 
lum on the ventral side of the medulla are wanting in Birds, 
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and in all below. In other words, a pons Varolii is a struc- 
ture peculiar to man’s own class. 

|6. The MEDULLA OBLONGATA of man is normal, but less 
complex than in much lower forms. 

Even in some members of man’s own order {e.g-, the 
American Apes) certain additional structures (called corpora 
trapezoidea) separate the upper ends of the pyramids from 
the pons Varolii. 

The side walls of the fourth ventricle may be remarkabljr 
contorted (as in Rays), forming what is called corpora resii- 
formia (Fig. 336, 6). 

The little extension backward, or the rudimentary condition 
of the cerebellum, sometimes causes the fourth ventricle to 
come plainly into view, as we see in the Frog and the Lam- 
prey. The fourth ventricle may be relatively enormous, as in 
Hexanchus, 

17. Thus it seems that man exaggerates those characters 
which distinguish Mammals from lower Vertebrates; i.e, in 
him the cerebrum and cerebellum are advanced to a maxi- 
mum of relative size and complexity, while the parts which 
represent those primitive segments, the fore-brain and mid- 
brain, show an extreme simplicity and relative inferiority of 
size. Man’s brain is an example of one of three types of 
structure found in the Vertebrate sub-kingdom. 



Fig 338.— Left Side View of Brain of Pigeon {Colutnha livia.) 

I olfactory lobe ; 2, cerebral hemispheres : 3, pineal ^tand . 4, one of the optic 
lobes (here lateral and depressed) , 5, cerebellum ; 6, pituitary body ; 8, optic 
nerve 

The two Other types are (1) the Sauropsidan brain and (2) 
the Piscine brain. In the first we meet with hollow hemi- 
spheres, large optic lobes (superior, or lateral and depressed) 
no lobi inferiores, no enlarged roof to the third ventricle, and 
no fold of brain-substancc extending into a cavity beneath the 
so-called optic lobes, while, often a well-developed cerebellum 
exhibits the arbor vitse. In the second type we meet with 
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solid hemispheres, often with lobi inferiores (Fig, 335, 7), an 
enlarged roof to the third ventricle, and a pair of large hollow 
optic lobes, often with a fold of brain-substance running for- 
ward into their cavity, while what is commonly reckoned as the 
cerebellum is more or less developed, but without an arbor vitae. 

In the lowest forms we find instead of, as in man, a series 
of segments enclosed by an enormous expansion of what 
were primitively terminal bodies, merely a number of seg- 
menls plainly arranged m a linear senes and undisguised 
by the excessive development of any one constituent part. 

18. riie SPINAL MARROW in man has been described in the 
*■' Elementary Physiology ” (Lesson XI. § 4) — how the cylindri- 
Lal nervous mass is divided by two vertical median fissures 



Fig. 339 -—The Spinal t or d. 

A, Front View of a portion of the Cord On the nglit side, the artenor roots 
of spinal nerves, /i A’, are entire; on the left side they at c tut, to show the 
yiostenor roots, PR. 

B, A IVansverse Section of the Cord : the anterior fi'^'iure , Z’, the posterior 

fissure: <7, the central c,anal , C, the grey matter; /F, the white matter; 

A’jiihe anterior loot ; /’A', the posterior root , Gw, the ganglion ; and 7’, the 
trunk, of a .spinal nerve. 

(one before and the other behind) into two lateral halves, each 
of which IS again subdivided by the two vertical series of 
spinal nerve-roots (one series being made up of the anterior 
roots, the other of the posterior ones) into three subordinate 
and less-defined vertical segments. 

The spinal marrow extends (Fig. 35 1) from the foramen mag- 
num nearly to the second lumbar vertebra, being continuous 
above with the medullA oblongata, and so occupies about 
the upper two-thirds of the neural canal. Below this region 
the canal is occupied by a bundle formed of the elongated 
roots of those spinal nerves which pass out at the l^wer lum- 
bar and sacral foramina : this bundle is called the cauda 
equina. In the earlier stages of existence there its no such 
bundle, the spinal marrow then occupying the whole length 
of the neural canal. A relic of this early condition is seen 

c c 
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in what is called the nervus impar or central ligament, which 
is a delicate filament passing down in the middle of the cauda 
equina to the bottom of the sacrum or to the coccyx. It is 
composed almost entirely of the pia mater which originally 
enveloped the primitively co-extended spinal marrow. 

Two enlargements are found in the spinal marrow : one 
(called the cervical) at about from the third cervical ver- 
tebra to the first dorsal ; the other (called the lumbar) at 
about the last lumbar vertebrae. These do not exist at first : 
they are related to the nerves of the limbs. 

A minute modification of tissue, the ca 7 ialis centralis, con- 
tinues on downwards, from the fourth ventricle of the brain, 
along the middle of the spinal marrow. In the earliest 
stages of life this is a very conspicuous longitudinal cavity, 
being in fact the canal formed by the elevation and closing 
over of the walls of the embryonic primitive groove. 

19. In that the spinal marrow of man is medianly grooved 
both on its ventral and on its dorsal surface, it follows the 
rule of the Vertebrate sub-kingdom ; and in that it is con- 
tinuous with the medulla oblongata, it agrees with all 
Vertebrates except the Lancelot. 

As to the extension of the spinal marrow in the neural 
canal, man’s embryonic condition agrees with that which is 

E crmanent in lower fonns such as Fishes. In that very class, 
owever, e.g. in Diodon, the spinal marrow may be much 
more shortened, and the cauda equina very much longer 
relatively than in man, while in his own class (as e,g, in the 
Hedgehog) these characters may be more marked than they 
are in him, and a conspicuous cauda equina is found in Frogs 
and Tortoises. 

The posterior end of the spinal marrow may present a 
slight enlargement, as eg, in the Cod. 

The qinalis centralis is much more conspicuous in lower 
forms, and in them persists plainly throughout life as a distinct 
longitudinal cavity. A singular enlargement of this canal 
may take place towards the lower end of the spinal marrow, 
as in Birds, where a sort of inferior^repetition of the fourth 
ventricle (called the sinus rhomboidalis) exists in the situation 
of the lumbar spinal enlargement 
The cervical enlargement may alone exist, as in Cetaceans ; 
while, on*the contrary, the cervical and lumbar enlargements 
may be both so far more marked than in man that the 
intervening part of the spinal marrow is reduced to a very 
slender condition, as is the case in the Tortoises, 



IX.] THE NERVOUS SYSTEM. ' 387 

20. The two cords which have been spoken of as the 
optic tracts arise, one on each side, from the optic thalami, 
and run forwards obliquely across the under surface of the 
brain, to join together immediately in front of the infundi- 
bulum, whence they again diverge as the optic nerves. At 
the point of junction the two tracts partially exchange 
their fibres as follows : — The outer fibres of each tract con- 
tinue on to the optic nerve and eye of the same side. The 
inner fibres cross over to the optic nerve and eye of the 
opposite side. This decussation of fibres is called the optic 
commissure or chiasma. Beyond the chiasma each optic 
nerve passes through the corresponding optic foramen, in- 
vested in a sheath of the dura mater, and surrounded by the 
recti muscles. After piercing the outer coats of the eyeball, 
it expands within that globe into what is called the retina. 

Posteriorly the optic nerves become connected with the 
corpora quadrigemina, or optic lobes, but this connexion 
does not exist at first. 

The structure of the EYE has been so amply described in 
the Ninth Lesson of the “ Elementary Physiology” that here 
it is only necessary to notice its development and its more 
important relations with the conditions presented by the eye 
in Vertebrates generally. 



Fig. 340 —Diagram representing the Development of the Eye in 

SUCCESSIVE STAGES, FROM FiG. I TO'Flfc. 3. 

H, outgrowth from fore-bram becoming cup>shaped^ applied to the back of the 
vitreous humour and forming the retina; the involution of theeintegument 
becoming posteriorly the lens (/) and anteriorly the aqueous humour ; the 
lateral ingrowth which intrudes between the lens and nervous outgrowth 
and becomes the vitreous humour; oA the optic nerve; cc, the incipient 
slcin>folds which become the eyelids ; they are connected by the conjunctive^ 



The eye is formed by the junction of an outgrowth from 
the brain with an ingrowth from the skin. 

The outgrowth is from the fore-brain, and is in the form of 
a hollow process containing a prolongation of the primitive 
ventricular cavity. 

This process becomes cup-shaped, and embraces the back 
of the part formed by the ingrowth of the skin. 

c c 2 
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The ingrowth becohies pinched off, its hinder part forming 
the crystalline lens, its anterior part the aqueous humour. 

A third process intrudes inwards from one side, between 
thes6 two growffis^ and forms the vitreous humour. 

The connective tissue around the whole structure becomes 
condensed, as the sclerotic. 

The external skin develops folds which increase and 
became the eyelids, and these are lined by a membrane re- 
flected over the eyeball and called the conjunctiva. 

At first the optic nerves are separated, not forming a 
chiasma. 

At the outer angle of the orbit is the lachrymal (or tear- 
secreting) gland, the tears passing down a canal which 
traverses the lachrymal bone —as before noticed— into the 
nares. 

In the possession of eyes man agrees with the immense 
majority of his sub-kingdom ; nevertheless, these parts 

may be quite rudimentary^ and 
covered by the external hairy 
skin, as in the Mole. They 
may even, as in Myxine, merely 
consist of a minute lens in 
contact with the end of the 
optic ner\’e, which is coated with 
pigment. 

The eye may be relatively 
larger than in 

in Tarsius, and in many Birds 
and Fishes. 

The sclerotic may be more or 
less ossified, as in Birds, Lizards, 
and many Fishes, but it is never so in man^s own class. 

The olbital muscles have been already described. 

Part of the lateral process, which forms the vitreous 
humour, may persist in part in its more primitive condition 
ks a distinct vascular membrane, covered with pigment, 
extending from near the entrance of the optic nerve to the 
fens. Such is the case in Birds and many lower forms, where 
it is called the pecten, or sometimes the marsupium. 

Lachrymal glands may be entirely absent, as e,g, in 
aquatic forms— Fishes and Cetaceans. 

Eyelids may be absolutely wanting, as in most osseous 
Fishes ; or they may be apparently so, as in Serpents, where 
they really exist in a transparent condition and quite with* 



Fig 341. — Front View op the 
Eye;, with the Eyeuds. 

Lachrymal gland, andlachry- 
xnai duct, LD. 
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out division (into upper and lower), so that the primitive 
folds have, as it were, coalesced, entirely shutting off the 
conjunctival chamber from the exterior, except by means 
of the communication effected with the nares through the 
lachrymal canal. 

A third eyelid (called the nictilating membrane) often 
exists, as e.g. in Birds, attached to the inner side of the front 
of the orbit. It is moved in various ways, as already noted 
in describing the muscles of the eye. A minute rudiment of 
this structure exists in man. 

The form of the eyeball may be much less spherical than 
in man. 1 hus it may be much flattened anteriorly, as in 
Fibhes ; or, on the contrary, much elongated, i.e. anteriorly 
produced, as in Birds, eg. the Owls, 

. 'riie optic nerves may, after development, entirely or all 
but entirely abort, as in the Mole ; but this atrophy is veiy 
exceptional. 

On the other hand, that primitive condition of the optic 
nerves in which the hbres do not decussate may persist 
throughout life, as in the osseous Fishes ; ncveitheless, the 
nerves themselves cross (each one going to the eye of the 
side of the head opposite to 
that of its own origin), though 
they do not form a chiasma. 

Unlike the nasal organ, the 
optic structure is never single 
and median except by mon- 
strosity* 

There may even be the 
appearance of two superim- 
posed eyes on each side of 
the head. This lemarkable 
structure occurs in the Fish 
Anableps^ and is produced 
by the presence of a hori- 
zontal opaque tract in the 
middle of the cornea together 
with a double perforation of i*'ig 342 —Right Side Ofr the Head 

the iris. Ol*' <»NE of the Pl.EURONtCTlD.«. 

Both eyes may come in the 

adult to be placed on one side of the head, as in the Flat 
Fishes, such as the Sole and Turbot ; or both eyes may be 
closely approximated on the upper surface of the head, as 
in the Fish thence termed the Star-gazer {Uramsa^pus\ 
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Finally, each eyeball may be supported at the end of a 
long outwardly projecting pedicle, as in th^ Shark which on 
this account is called “ Hammer-headed.” 

21. The so-caUcd {?//actory 
and optic nerves are thus not 
really nerves^ but prolonga- 
tions and outgrowths of the 
very brain itself ; the other 
so-called cranial nerves (ex- 
cept a part of one, which part goes to the internal ear) are 
properly thus designated. 

The THIRD AND FOURTH NERVES (Fig. 324) arise from the 
mid-brain, and go respectively— the first to all the orbital 
muscles except the upper oblique and the outer rectus ; the 
second, to the upper oblique orbital muscle. Both these, 
nerves traverse the spheno-orbital fissure. 



Fig. 343. — Hammer-headed Shark. 



Fig 344 —Diagram illustrating the arrangement op the Parts or 
THE Brain and the Origin ok the Nekvl.s. 

//, the cerebral hemispheres . corpits striatum ; TVit, optic thalamus , /*, 

n tal gland; Pt^ pituitar^^ body, corpora quadrigemina ; Ch, cere- 
urn ; Mt medulla oblongata ; ! XII , the pairs of cerebral nerves ; .S^ * 
and Sp ^ title first and second pairs of spinal nerve&. 

The SIXTH NERVE arises from the base of the brain just 
in front of the medulla oblongata, and goes through the 
same fissure to the outer rectus muscle of the orbit. 
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These three nerves present a singular constancy (both as 
to origin and distribution) in Vertebrates generally, but where 
there are extra muscles of the orbit, such as have been 
already described in the Eighth Lesson, these muscles arc 
supplied by the sixth pair of nerves. 

It may be, however, that the whole of these nerves are 
quite blended with one division (the ophthalmic) of the fifth 
nerve, as e.g. in the Lepidosiren ; or the sixth nerve alone 
may form one with the fifth, as in the Bull-frog and others ; 
or the third and fourth nerves may unite to form a com- 
mon trunk, as in the Lamprey, the external and inferior 
rectus, together with the inferior oblique, being furnished 
with nerves by the first (ophthalmic) branch of the fifth 
nerve. - Finally, the whole of these three nerves may abort, 
as in the Myxine. 

22. The FiFi'H NERVE, a very large and important one, 
passes forth from the side of the mid-brain, and, after swell- 
ing out into what is called the Gasserian ganglion, divides 
into three nerves, called respectively the ophthalmic^ the 
superior maxillary^ and the inferior maxillary. 

The ophdialmic nerve passes through the spheno-orbital 
fissure. It subdivides into various branches, of which we may 
note — (i), the nasal branch, which skirts the ethmoid, and 
(2), the lachrymal branch, which passes along the outer side 
of the orbit to the lachrymal gland. 

The superior maxillary nerve passes through the foramen 
rotundum and infra-orbital foramen, and goes to the nose, 
eyelid, upper lip, and teeth of the upper jaw. 

The inferior maxillary nerve passes out through the 
foramen ovale, and goes to the tongue, salivary glands, and 
adjacent parts, and, traversing the canal of the mandible, 
supplies the teeth of the lower jaw with nerve filaments. 

The tongue, although an organ of special sen^, will be 
more conveniently described amongst the other alimentary 
structures in the Eleventh Lesson. 

A remarkable constancy exists as to the fifth nerve in 
Vertebrates, except that in some lower forms it blends, as 
has been said, with the sixth nerve or with all the orbital 
nerves, and, as we shall find, also more or less with the 
seventh. The points of exit from the cranium nyry differ as 
to details even in man’s own class, as has been indicated in 
describing the foramina of the skull in the Lesson on that 
part of the skeleton. 

Comparing the essential characters of this nerve and the 
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distribution of its branches in man, with its condition in the 
lowest and in embryonic forms, it appears that the ophthal- 
mi(i nerve is the one which skirts, by its branches, externally 
the trabecula cranii of its own side, and internally the 
palato-quadrate arch ; and similarly that the upper and lower 
maxillary branches may be considered as two branches of 
one whole, which divides to skirt the palato-quadrate arch 
infenorly (or posteriorly) with one branch, and the mandi- 
bular arch superiorly (or anteriorly) with the other. 

23. 'I'he next nerve, as ordinarily described in human 
anatomy, is a part of the seventh, which is said to be divided 
into a portio mollis and a poi'tio dura. In this book tlic latter 
nerve (the portio dura) will be spoken of exclusively as the 
seventh nerve, and the portio mollis, or auditory nervb:, 
may now be considered. 

This portio mollis is not, like the so-called optic and the 
olfictory nerves, a cerebral outgrowth, but still it is a peculiar 
nervous formation applied exclusively to minister to a special 
sense, namely that of heannj^. 

The EAR of man his been described with great care in the 
‘‘ Elementary Physiology, ’M.csson VII 1 . I5--30, so that 

here it will be only necessary to notice the development of 
the parts of the luiman auditory organ. 

The ear, like the eye, is formed by an involution of the 
skin, but this is not supplemented by an outgrowth of the 



Fig. 345 —Diagram to luusrKMK thf Deveioimpnt of tup. Ear in 
SL’C crfssivh stages from Fig i to Fig 4. 

X, involutinir of 11110*511171^11 formin5 a sac which afierwarcK hecotnes the mcm- 
b'anous labyrinth , c, inferior pr<iccss of the sac (t) which cietaches itself and 
he' omes the cochlea , /, upper part of sac which f^rins the scniicircuiar canals . 
n authtory nerve , fenestra ovalis . /*', fenestra rotunda : st, stapes, or 
rohimclla auris , 3 and 4, summiis of third and loiiith (or mandibular and 
hyoidean) arches against the upper part of which the stapes abuts, being an 
outgrowth from the region of the fenestra ovalis. 

brain, so that it is only the outer part of the eye which is 
parallel inr development to the ear. 

The outer margin of the involution contracts, and so forms 
a closed sac placed beside the hind-brain, and above the end 
of that visceral cleft which separates the mandibular and 
hyoidcan arches. 
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The closed sac sends out four processes, three of which 
become the three semicircular canals^ while the fourth de- 
taches Itself, coils round, and becomes the cochlea. In the 
meantime tissue on the inner side of this ‘Tabyrmth’* changes 
into the true auditory nerve, and thus places that structure 
in direct communication with the brain. 

This merely membranous labyrinth is afterwards enclosed 
in dense bone — as before mentioned in describing the petrous 
part of the temporal bone — the bony investment leav mg two 
apertures (termed respectively fenestra ovalis and the 
)encsira 7-otunda) besides those minute foramina (at the 
bottom of the meatus auditonus internus) through which 
the filaments of the auditory nerve enter. 

'riie- visceral cleft meanwhile becomes differentiated into 
(i) an outermost part (the meatus auditonus externus) in- 
vested beneath by the tympanic bone, and closed within by 
the tympanic membrane or drum of the ear ; (2), a median 
part (the tympanic cavity) bounded externally by the drum of 
the car, and traversed by the auditory ossicles, the malleus., 
meus^ and stapes ; (3), an innermost part (the Eustachian 
tube) — a straight, simple canal —opening internally at the 
side of the roof of the pharynx by a rather wide aperture. 

The upper ends of the mandibular and hyoidcan arches 
liecomc differentiated into the malleus and the incus respec- 
tively, the stapes being, as it were, an outgrowth going from 
the fenestra ovalis to the upper part of the hyoidean arch. 

F rom the posterior margin of the hyoidean visceral arch a 
membrane grows out which becomes the external ear, the 
concha or pinna, w'hich presents various parts, amongst the 
smaller yet more notewoithy of which are the soft depending 
portion, or lobule, and the little conical prominence (called 
the t?-aj^us) w^hich projects backwards over the external 
opening of the ear. • 

Such being the condition and development of the ear in 
man, it remains to estimate its peculiarity and the nature of 
some of its component parts by a brief survey of the more 
remarkable conditions which tne organ presents in other 
Vertebrates. 

In that he possesses an intemaf ear, he agrees with all 
Vertebrates except the anomalous Lancelot, no» (with this 
exception) docs the organ of hearing ever become atrophied 
in the way which have seen such atrophy to occur occa- 
sionally with the organ of sight. 

A labyrinth composed of three semicircular canals is also 
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almost universal, the only exceptions being the Lampreys, 
which have but two canals, and the Myxine, which has but 
one — the whole organ in it consisting of but one circular 
canal. 

A cochlea is present in all Mammals and Sauropsida, but 
only in the former is it spirally coiled, and not in all of 
them, it bein ; but slightly twisted in Monotrcmes as in Sauro* 
psidans. In man’s own division, the Monodclphous Mammals, 
the cochlea may be less coiled than in him, namely only one 
and a half times {c.g. the Hedgehog) ; or more so than in 
him, as in the Paca, which has it coiled five times. 

The MEMBRANOUS LABYRINTH may, as m Fishes, be en- 
closed by hard structures (bone or cartilage) in such a way 
that no fenestrae are left unsolidified, but at the same time 
the bony chamber (or otocranc) may be widely open inter- 
nally, as eg, in the Caip, Cod, &c. 

The opening of the primitive involution of the integument 
to form the ear may persist throughout life, as in the Rays, 
where it opens on the top of the head by a valvular aperture. 

The external auditory meatus may be quite absent, as in 
Fishes and Tailed- Batrachians, and the tympanic membrane 
may appear on the surface of the cranium (though covered 
with a layer of skin), as in many f>ogs and Lizards. 

The internal part of the primitive cleft {i,e, the Eustachian 
tube) may be absent, as in Fishes ; or the two lubes may 
unite into a single and median aperture, as in Birds and 
the Toad Pipa; or they may open (as in the Crocodiles) by 
three apertures~one median and two lateral ones — each 
lateral Eustachian tube forming a singularly complex and 
contorted canal. They may have narrow openings into the 
pharynx, as m the higher Vertebrates, or wider ones, as in 
Frogs. 

The auditory ossicles may be very different from those of 
man in form and relative size. Thus their relations have 
been asserted to be as follows : — 

In the malleus of man the processus gracilis creeps down, 
as it were, to the Glasserian fissure, but it remains much 
smaller than the manubrium. As we descend in the animal 
scale we find these projfortions reversed, till in the Echidna 
the very large malleus has an enormous processus gracilis, 
which descends in close contiguity to the lower jaw. In the 
Sauropsida the enormous malleus becomes segmented, one 
portion constituting the os quadratum, and the other forming 
the os articulare of the mandible. 
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In osseous Fishes a yet further segmentation occurs, as we 
find in addition a third bone, called the meta-pie? ygoid. 



Fig 346 — The Mfmurank of the Drum of thf Ear, seen from the inr.o 
••ide, with the small hones ot the ear , and the walls ol the tympanum, w'lih 
the air-cells in the mastoid part of the temporal bone. 

NC, mastoid cells. Mnil, malleus, Inc, incus, .S/, stapes: a lines drawn 
through the liorizoiital axis on which the malleus and incus turn. 

The incus becomes relatively smaller as \vc descend to the 
Sauropsida, and the stapes appears as a little straight ossicle 
(the columella auris) coming to the incus from the fenestra 
ovalis as usual. In F ishes, however, where there is no fenestra, 
tliere is no such ossicle, and the representative of the incus 
(/>. the highest part of the hyoidean visceral arch) is a very 
large bone termed the hyo-??iatidibular. 

Thus, if this interpretation be correct, it is plain that our 
comprehension of man’s auditory ossicles would be very im- 
perfect if studied only in man himself. 

The^ three little auditory bones, the malleus, 4he incus, 
and the stapes, instead of being all similar in nature as in 
function, are singularly different. 

The malleus is, as it were, the upper part of the lower jaw, 
separated, reduced in size, and taken into the ear through the 
Glasserian fissure, and applied to the assistance of a special 
sense. • 

The incus is the extreme summit of the anterior cornu 
of the os hyoides, separated and also applied to a similar 
purpose. - 

The stapes is quite different in nature, being a small por- 
tion of the cranial wall which has grown out, become 
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separated, and secondarily connected with the upper part of 
the hyoidean visceral arch. 


2 


3 



Fkj 347 — Diagram iLLUsi KA 1 iN<j 1 Ht dju hKFWT i)i <\ lutau isinSalko- 
PSIDANS AND IcHTH YUPSIDANS OP PARIS WWICII IN MaMMALS BbLOME THE 
Auditory Ossicles. 


{.After Htix ley ) 


Nu I. the parts in Man , No. 2, the parts m the Li/ard Sphenodon , No 3, the 
parts m the Cod. 


ti, malleus, or quadratum ; a\ the scj{aient of it called os artlculare , a \ the 
seynicnt of it called motA-pterygoid , incus— m the l.i/ard Sphe 7 UHion that 
pari of the continuous cartilage winch answcis to nun’s incus — in the Cod, 
the hyo-ma.uhbuUr , <r, the stapes —columella auns in Spltenodon \ d, the 
(iciiury pictc of the lo \cr piw. a. stylo hyoid, or, in ^phoiodon, tliat part of 
the continuous cartilage winch answers to it; f', the st.vpcduis niustlc, s'\ 
the stylo hyoid muscle . bh, the basi hyal, or body ol the hyoid h, the 
corniculum of the hyoid-in the Cod, called ccralo-hjal , syinplectic. 


The external ear, or pinna, may be entirely wanting, as in 
the Whales and in all below the Crocodiles, m which latter 
animals it is represented by a slight fold of skin. 

On the other hand, its proportions may greatly exceed 
those of man, and, m the little Hat Ifetoins, may equal 
in length the entire trunk. Moreover, 
the tragus may be (as m 'thc Insectivo- 
rous Hats) so largely cle\ eloped as to 
look like a second pointed car standing 
up inside the normal one. 

A lobule IS almost peculiar to man, 
though a rudiment of it is found in the 
Gorilla. 

24. The portio dura of the seventh 
NERVE (the facial) arises from the pos- 
tefior division of the hind-brain, appear- 
ing at the posteiior margin of the 
pons Varolii. It enters the internal 
auditory meatus, and, piercing the petrous part of the tem- 
poral bone, bifurcatci^ and one part comes out at the stylo- 
mastoid foramen. This part is distributed to the ear-scalp and 



Fig 348.— -Head of the 
Common Long-eakkd 
Hat {Plecotnsftuf tilts), 
t, the tragus of each car. 
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the muscles of the mouth, nose, and eyelids, and to the skin 
of the neck ; it also sends a long and slender branch to the stylo- 
hyoid muscle. The other part, called the chorda tympanic 
comes out at the inner side of the Glasserian fissure, skirls 
the processus gracilis of the malleus, and runs along within 
the mandible to the sub-maxillary ganglion, in close juxtapo- 
sition with a branch of the third division of the fifth nerve. 

These relations are constant, so that the seventh nerve 
divides into two branches, which respectively go to the anterior 
and posterior boundaries of that visceral cleft which divides 
the mandibular and hyoidean arches. In some of the lower 
Vertebrates the fifth and seventh nerves are much blended, 
and the two may, as in the Frog, be completely united at the 
large ganglion at the root of the fonner. 

25. The EIGHTH NERVE is a very complex structure, and 
consists of at least three nerves united together, and all 
arising from the medulla oblongata and passing out by the 
jugular foramen. 

The first of these, called the glosso-pharyftgeal^ supplies 



Fig. 349. —Nervous Supply of thf Hindfr Part or the Right Side of 
THE Head of the Shark Hexandws gfiseus. 

{After Haeckel f 

/, palato- quadrate .Trch ; A, proximal part of the hyoidean arch ; 3*— 3^, six 
branchial arches; 1 — 5, proximal parts of the branchial arches; w, spinal 
marrow ; f facial nerve ; t inferior maxillary (or third) branch of fifth nerve ; 

^losso>phar}mgea] ; w, mandibular division of facial nerve ; hyoidean 
dmsion of the glosso-pharyngeal ; v£-, nervus vagus ; /, nervus lateralis ; 
if, spinal nerves. 
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the mucous membrane of the tongue and pharynx and some 
of the muscles of those parts. Its essential nature is revealed 
by lower forms, where (as e.g. in the Shark Hexanchus) it 
bifurcates (Fig. 349,^, hy, and and sends one branch to the 
posterior margin of the hyoidean arch, and another along 
the anterior margin of the first branchial arch. This fact 
may explain its pharyngeal distribution in man. 

The second, called the pneumo-gastric^ or nervus yagus^ 
IS the longest of all the cranial nerves, as it supplies not 
only the organs of the voice and of respiration, but also the 



Fir. 350. — Infkro-lateral View of Head ako Aortic Arches of 
Lepjdosiren. 


(Bsophajfus ; anterior end of bulbus aortae ; r, common roots of the first 
aortic arches , third aortic arch; e, first aortic arch ,f, dorsal union of the 
first thrie aortic arches ; aorta ; /r, cociiac artery ; exit of the fifth nerve , 

k narr rtf nfi#.r/'itIiiTn • / nf *Ua cl... II . 


heart and the stomach,. It sends back two branches to the 
larynx, which are called ‘‘re-current,” and the relations of 
which to* the arterial trunks are different on the two sides 
of the body. The essential nature of this nerve is revealed 
by the lowest Vertebrates, where (as in Fishes) we find it 
made up of a g^eat trunk, arising by many rootlets from the 
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medulla, and giving off a branch to border the opposite aides 
of the successive branchial apertures, and then continuing on 
to the alimentary canal. It also, in Fishes, gives off a special 
nerve, called the nervus lateralis (Fig. 349, /, and Fig. 350, o\ 
to the outer skin of the lateral body-wall, immediately be- 
neath what is called the “lateral line.'' By very rare ex- 
ception the two pneumo-gastric nerves may unite and run 
along the intestine to its extreme end. 

The third part of the eighth nerve (named the spinal 
accessory) supplies the trapezius and sterno-mastoid muscles. 
It may be altogether absent, as is the case in Serpents, and 
in the whole of the Ichthyopsida. 

26. The NINTH NERVE is called the hypoglossal. It 
arises by several roots from the medulla oblongata, and then 
passes out through the anterior condyloid foramen, and is 
distributed to the muscles of the tongue, the os hyoides, and 
the larynx. In Fishes this nerve is usually called the “first 
spinal and in fact the essential nature of the hypoglossal 
nerve is rather spinal than cerebral, being often closely con- 
nected with what is commonly reckoned the first spinal, 
even in Vertebrates above Fishes. 

Thus we see that the so-called cranial nerves belong to two 
categories, (i) those of special sense, and (2) those which 
border the primitive visceral clefts and send off filaments to 
other structures. 

The fifth, seventh, and eighth ner\'es belong to the second 
category ; the third, fourth, and sixth nerves may he regarded 
as derived from the fifth. 

The eighth nerve is a most complex one, the glosso- 
pharyngeal portion alone being made up of an undetermined 
number of cranial nerves related to those visceral clefts and 
arches which become obliterated in all Vertebrates above the 
Ichthyopsida. # 

27. The SPINAL NERVES arise in pairs from opposite sides 
of the spinal marrow. They are related in number to the 
divisions of the axial skeleton, or vertebrae, and (as has been 
said in describing that skeleton) they pass out of the neural 
canal either in the intervals between the neural arches, or by 
direct perforations of those arches. • 

Each nerve arises by two roots— one anterior {px ventral), 
the other posterior (or dorsal). The posterior, or dorsal, 
root has a ganglionic enlargement (Fig. 339, Gn), 

After leaving the neural canal each nerve divides into two 
conspicuous branches— one dorsal, the other ventral ; but 
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FtG 351 — General View the Nervous System, viewed from behind. 

i, cerebrum ; 2, cerebellum ; cervical part of spinal marrow ; 4, facial nerve , 
5, brachiaS plexus , 6, median nerve , 7, a cutaneous nerve between which and 
the median nerve is the ulnar nerve — the radial (or musculo-spiral) nerve is 
seen descending the outer sides of the other fore-arm ; 8, intercostal nerves ; 
9, lumbar plexus , 10, sacral plexus ; xx, great sciatic nerve dividing into (12) 
the peroneal nerve — a principal branch of which is the anterior tibia! nerve 
and (13) the popliteal or posterior tibial nerve. 
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besides this each gives off a minute filament (or a pair) to 
what is called the sympathetic system. 

Of these two series of conspicuous branches, it is the 
ventral one which constitutes the nerves of the limbs. In 
the part of the body intervening between the pectoral and 
pelvic limbs, the ventral branches pass, in the thoracic 
region, between the ribs, as intercostal nerves ; and in the 
abdominal region they run along between the internal oblique 
and the transvcrsalis muscles. 

It may be, by rare exception (as in the Ganoid Fishes), that 
the dorsal and ventral nerves, instead of being the bifurcating 
branches from a common root, are distinct nerves, each 
arising by its own root. 

28. The NERVES OF THE ARM of man result from the inter- 
mixture, in what is called the brachial plexus.^ of the ventral 
branches of the four lowest cervical and the first dorsal 
nerves. 

Issuing from the plexus, the most noteworthy nerves are 
the ulnar and jnediany which supply the pronator muscles 
and the flexors of the digits, and the musculo-spiral nerve, 
which supplies the supinator muscles and the extensors of 
the digits. The last-mentioned nerve conies round the back 
of the humerus to pass along towards the radial side of the 
front of the fore-arm. The median nerve, passing down the 
inner side of the upper arm, crosses to the front of the elbow 
and descends along the middle of the fore-arm. The ulnar 
nerve passes down between the olecranon and inner condyle 
of the humerus. 

'I'lie position and number of those spinal nerves which 
supply the limbs may be very different from what we find in 
man. Thus, in Birds (which often have so many cervical 
vcrlebne) the limb nerves are more remote from the head, 
while in Ratrachians they are closer to it, and the •brachial 
plexus may be formed but by two. 

Nev^ertheless a general resemblance exists with regard to 
the nerves of the arm in all Vertebrates above Fishes, ex- 
cepting, of course, those animals in which the pectoral limbs 
lire absent or rudimentary. 

In Fishes, however, we find very different conditions. 

(1) We may have, as in many osseous Fishes, but thp first two 
pairs of spinal nerves for the supply of the pectoral fin ; or 

(2) , as in the Rays, we may have an enormous number of 
spinal nerves (much more than half those of the entire body), 
which, though collected and connected in different bundles, 

D D 
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do not form a definite interlacement like the brachial plexus 
of man and the higher Vertebrates. 

29. The NERVES OF THE LEG of man result from the inter- 
mixture, in what is called the lumbar and sacral plexuses^ of 
tlie ventral branches of the four lowest lumbar nerves and of 
the four highest sacral nerves, five of these (the lowest lumbar 
and four sacral) contributing to form the sacral plexus. 

Issuing from the lumbar plexus is the crural nerve, which 
goes to the front of the thigh and to' the pectineus and 
sartorius muscles ; while from the sacral plexus issues the 
largest nerve in man’s body—thc great sciatic^ which divides 
into the anterior tibial^ supplying the extensors of the foot, 
and the posterior tibialy supplying its flexors and thus ap- 
parently answering to both the median and ulnar nerves of 
the arm. 

The crural nerve passes out in front of the pelvis, but the 
sciatic passes out behind it, between the great trochanter and 
the tuberosity of the ischium. Its flexor branch (the pos- 
terior tibial) pxsscs on behind the knee-joint and under the 
internal milleolus, while its extensor branch runs between the 
gastrocnemius and biceps muscles round the head of the 
fibuh, and descends in front of that bone. 

The lumbar plexus exists in almost all Vertebrates above 
Fishes, but it may be formed of only two nerves, as in Meno- 
ponia and the Crocodile, and it may be more separated from 
the last nerve of the sacral plexus than in man, as is the 
case in Birds. 

The sacral plexus, similarly constant, may be formed by 
but three nerves, as in Menopomay or but two, as in Proteus : 
or It may, on the contrary, as is the case in Birds, be formed 
by the concurrence of as many as six spipil nerves. As many 
as four or five of these issue from foramina of the sacrum pre- 
axial to> those sacral vertebrae which are furnished with ex- 
panded transverse processes, or sacral ribs (see Less. 1 1 , p. 56). 

In Lizards also the sacral plexus is mainly formed by 
nerves issuing from vertebrae pre-axial to those which articu- 
late with the iliac bones — two out of the three nerves which 
combine to form the sciatic nerve being thus conditioned. If 
therefore we take the nerves as our standard of comparison, 
the so-c^led sacrum of Lizards does not exactly answer to 
that of man and Mammals generally, but is relatively a 
somewhat more post-axial structure. 

A general agreement is again shown with regard to the 
nerves of the leg in all Vertebrates with developed hind 
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limbs, above Fishes. It may be, however, as e,g, in Meno- 
poma^ that the posterior tibial is divided into two nerves, 
thus making the correspondence between the nerves of the 
pectoral and pelvic limbs more unmistakable than it is in 
man, in whom but a single leg-nerve (the posterior tibial) 
answ^ers to both the median and ulnar of the arm. 

In Fishes we find great variety as to the nerve supply of 
the hinder members (ventral fins). Thus, small branches 
from the ventral nerves of the fourth pair of spinal nerves 
may be distributed to the ventral fins, as is the ease in 
thoracic and jugular F'ishes ; or from the seventh and eighth 
spinal nerves, as in the Carp ; or finally, as in the Sharks and 
Rays, the ventral fins may be supplied by more posterior 
spinal nerves, and by as many as six of them. 

Ln man the nerves for the extensor museles pass out post- 
axially as regards the scapula, pre-axially as regards the 
[)clvis ; but both the corresponding set of nerves may pass 
out post-axially, as e.g, m Menopinna, 

30. The SYMPATHETIC SYSTEM is made up of an immense 
number of small nerves and ganglia closely connected with 
the arteries and with the viscera, and proceeding from two 
longitudinal gangliated cords which extend upwards and 
downwards one on each side of the ventral aspect of the ske- 
letal axis from the pre-sphenoid to the coccyx. 1 he visceral 
nerves in passing to the various organs they supply, traverse 
those folds of membrane (the mesenteries) which, as we 
shall see, suspend the viscera from the backbone. 

In the head, filaments of this system communicate with all 
the true cranial nerves {ji,e, with all but the so-called “ optic ” 
and “ olfactory ” nerves), and below the head the successive 
ganglia unite with the corresponding spinal nerv^es by the 
filaments which, as before mentioned, pass from the latter to 
the sympathetic. ^ 

Thus, in fact, the sympathetic system may be but a series of 
internal branches of the spinal nerves of each side of the body. 
In this case each spinal nerve must be considered as dividing 
into three branches. One of these branches follows the line 
of the ascending dorsal lamina of the embryo — as a dorsal 
nerve. Another of these follows tl^ line of the outer plate 
of the bifurcating ventral lamina of the embryo — as an 
abdominal nerve. The third branch — viz. thc*filament to 
the sympathetic and its continuation — follow^s the line of the 
internal plate of the bifurcating ventral lamina of the embryo. 
If, then, this view is correct, the sympathetic system essen- 
D D 2 
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tially consists of all those branches of the cerebro-spinal 
system which originally pass down to the viscera in the 
inner plate of each bifurcating visceral lamina of the embryo, 
and which are represented in the adult by branches similarly 
extending into the mesentery/ and by their serial homologues. 



1 rs Skelfton, as shown in a section 
made at nght angles to the trunk’s 
long axis 

«f, neural canal ; r, epaxial cartilages 
ascending to surround it ; /.r, par- 
axial cartilages descending in the 
plate, or layer ( external to//, 
the pleuro-peritoncal cavity ; hi, in- 
ternal plate of the split ventral 
lamina. 



Fig 353.— Dim. r\m or the fi’ethik 
DeVEIOPMENT OF 'IHE Tkunic. as 
showp 111 a section sunilar to the la>.t 

<r, alimentary canal supported by a rre- 
seiitery formed of the dorsal ponum 
of the inner parts of the split wall ol 
the embryonic vential lamina. ; c, 
epaxial arch; h, hypaxial arch de- 
scending in the median line in the 
root ol ihu inner part of the split wall 
of the ventral lamiiice ; /, rib, bi- 
furcating proximally and abutting 
vcntrally against the sternum, w-hich 
thus complete's the paraxial arch ; ni, 
peritoneum, boi'iidingon all sides //, 
the plcuro-pcnicn 'al space. 


Moreover, these branches are connected together on each side 
(near their origins) by commissural nerve-fibres, and it is 
these two linear scries of commissures (enlarged into ganglia 
at their successive points of junction) winch constitute the 
two longitudinal gangliated cords before spoken of. 

It is the presence of these commissural cords which makes 
so marke’d a contrast between the sympathetic system and the 
other branches of the spinal nerves, which in man exhibit no 
signs of such continuous longitudinal union. But an extended 
survey shows us that these latter (the undoubted spinal nerves) 
may also be connected together by similar axially extended 
commissural cords, for §uch do exist in the class of Fishes. 

The sympathetic nerves of the viscera present three great 
complicatibns, termed (i) the cardiac plexus, (2) the solar 
plexus, and (3) the hypogastric plexus : these are placed respec- 
tively above the heart, behind the stomach, and in the pelvis, 

* See Lesson p 458. 
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In the existence and main characters of his sympathetic 
system man agrees with the members of the Vertebrate sub- 
kingdom generally ; nevertheless, the sympathetic may be 
absent, as is alleged to be the case in the Marsipobranchs, 
and its place may be supplied (as in the Myxine) by an ex- 
tension of the pneumogastric. 

31. The contraction of muscular fibre in man is said to be 
accompanied by more or less electrical disturbance. This 
leads us to observe that certain organs may exist for storing up 
electricity so as by its discharge to administer severe shocks 
to creatures in the vicinity of animals possessing and making 
use of such structures. These klectric orcians are met with 
only in the class of Fishes, and aie constructed of membranous 
chambers enclosing cellular plates, while special nerves end- 
ingjn minute ramifications are distributed upon one and the 
same side of each of the plates. The arrangement of these 
plhtes may vary, as also the position of the organs and the 
source of their nervous supply. Thus, in the '1 orpedo there 
iire two such organs, one on each side, near the head ; while 
in the IClcctnc Eel there are four, two on each side of the 
trunk and tail. In the Torpedo the ncivous supply comes 
from the medulla oblongata, while in the Elcctiic Eel it is 
furnished through the ventral branches of the spinal nerves. 
In the Torpedo the cellular plates arc placed hoiizontally, in 
the Electric Eel vertically. 

32. The most generalized conception at present at- 
tainable of the nervous system of Vertebrates, and therefore 
of man, may perhaps be expressed as follows : — 

There is a cylindrical ccrebro- spinal axis with a median 
cavity ending anteriorly at a lamina terminalis, from each side 
of which lamina a secondary prolongation is developed. Be- 
sides nerves of special sense and of parts sun ounding such 
special sense organs, the axis gives oft a scries of bifurcating 
branches which skirt each side the cranial arches (splanchna- 
pophyses), from the trabecula to the last branchial inclusive. 

Behind these bifurcating branches, there is given off a 
scries of spinal nerves, and each of these nerves splits into 
three branches : (1), dorsal ; (2), abdominal ; (3), sympathetic. 

Certain of the abdominal branches unite to supply limb 
nerves when limbs are developed. The abdominal sympa- 
thetic branches, constantly united by commissural filaments, 
pass dowm from the spine along the mesenteiy, and aie dis- 
tributed to the viscera. 
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LESSON X. 

THE CIRCULATING SYSTEM. 

1. The CIRCULATING SYSTEM comprises the various chan- 
nels or vessels by which the nutritive fluid of the body — the 
blood — is conveyed to and from every part of the organism. 
These vessels are of various and very diffeicnt sizes. 

The largest and most complex part of the circiil »ting 
system is the heart, which may be considered as the central 
portion, all the other channels being subsidiary to it. These 
latter may be divided into three categories : (A), the \cssels 
taking blood from the heart — which vessels are called 
arteries; (B), the vessels taking blood towards the heart — 
which are the veim j and (C), the minute tubes {ca/>ii/arien 
which convey the blood to the tissues, and intervene botw^een 
and connect the ends of the arteries and veins— being dis- 
tinguished from both those kinds of vessels by the absence 
of muscular fibres in their walls. 

In addition to these vessels, which with the heart constitute 
what may be called the true circulating system, there arc yet 
other vessels, lymphatics and lacteah, which convey fluid 
from almost all parts of the body into the veins — to which 
they thus form as it were a supplementary addition. 

The fluids these vessels convey into the veins are (i) the 
colourless portions of the blood which have exuded from the 
capillaries, and (2) nutritive juices from the walls of the ali- 
mentary canal. 

All these parts have been so fully described — not only as 
regards their function, bilt also as regards their structure— in 
Lesson II.4.§§ i — n of “Elementary Physiology,” as to 
render unnecessary much which must otherwise have been 
here detailed. 

2. The HEART in man, its form, cavities, apertures, valves, 
8 cc,f have all been described and figured in the “ Elementary 
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Physiology,” Lesson M. §§ 8, 9, and 10. Nevertheless, it may 
be well here to recapitulate certain leading facts. 

The heart is enclosed in a shut sac— the pericardiwn- ovlO: 
of those closed membranous bags called “ serous ” from the 
serous fluid they contain, the largest of which is the ‘‘peri- 
toneum.” Not only the heart itself, but also the roots of the 
great vessels which spring from it, are invested by the peri- 
cardium. 



Fui. 154 —1 HR Heak'i, Great Vesskis, and Lungs Front View. 

/i F, nghl \entricle ; A F, left vciitncle ; A^.4, right auricle; L/i, left auricle; 

Ao, aort.i ; PA, pulmonary artery ; Pl\ pulmonary veins, A’ A, right lung; 

LL, left lung ; FA, vena cava su})enor ; A'C, subclavian \essels ; C, carotids , 

R and Pyy, right and left iugular veins ; I' I, lena cava inferior; 7', trachea , 

R, bronchi Ail the great vessels but those of the lungs are cut 

• 

The heart is placed in the thorax between the lungs and 
entirely above the diaphragm. Of strong muscular structure, 
it is divided by a complete partition into two halves, a right 
and a left, and each half is subdivided, by an incomplete 
partition, into a smaller cavity or auricle,, and a larger cavity 
or ventricle. The auricles alone g»ve admission to blood 
into the heart ; the ventricles alone expel blood from it. 

The openings of the auricles into the ventricles are guarded 
by membranous valves which prevent regurgitation. 

The valve which guards the entrance into the right ven- 
tricle is called tricuspid,, and consists of three flaps attached 
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by cords {chordcs tendinece)^ as described in the Elementary 
Physiology/’ Lesson II. § lo. 

The left auriculo- ventricular opening is guarded by tuo 
flaps, forming Avhat is called the mitral valve, from a fancied 
resemblance to a bishop’s mitre. 

The right auricle has on its left wall an oval depression 
called the /ossa ovalis^ and above and below this depression 
it icceives blood from two large veins termed respectively the 
vena cava superior and mferior. Extending upwards from 
the margin of the opening of the last-named vessel to the 
fossa ovalis is a rudimentary fold of membrane termed the 
Eustachian valve. No other valve guards the entrance 
from the vcnie cavje into the auncle. 



355 — I. The Left Sidf, and II. the Right Side of the Hh\Kr 
dissected, 

I LA, the left auncle ; PV, the four pulmonary veins ; cd, a stvle passed througli 
the aunculo-ventricular aperture ; MV, the mitral valve; ab. a style passed 
through the left ventricle into the aorta, RA, R V, parts of the right side <>l 
the heart , PA, pulmonary artery. 

II AM, the right auricle , J'CW, superior vena cava ; P'C/, inferlo vena cava, 
the stylesyi*, c*/, being passed through them into the auncle ; ab, style passed 
through the auriculo-ventriqplar aperture; 7'V, tricuspid valve; A'/', right 
ventricle; SL, semi-hinai valves at the base of /M, the pulmonary artery, 
through which the style is passed ; LA, L V, auricle and ventricle of the 
left side of the heart. 

The ri^^ht ventricle, besides the opening between it and the 
right auricle, has, at its upper part, another orifice ; namely, 
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that of the pulmonary artery (so called because it conveys 
blood to the lungs), which is guarded by three membranous 
folds, termed the semilunar valves. 

The left auricle has no less than four orifices ; namely, 
those of the four pulmonary veins. Their openings are not 
guarded by any valves. 

The left ventricle, much thicker than any other chamber 
of the heart, has, besides the opening between it and the 
left auricle, one large aperture guarded by three crescentic 
flaps (the semilunar valves of the aorta), which valves re- 
semble m structure those of the pulmonary artery. 

3. At its first embryonic appearance the heart is merely a 
tube. In the DLVKLOPMENT of the heart this tube becomes 
bent upon itself and divided into two chambers. The pie- 
a\iaj chamber (nearest the head) becomes subdivided into 
the ventricles ; the post-axial one (which alone receives blood 
from the body) becomes the auricles^ -wdiich later grow to be 
j)re-axial to the ventricles. 

The further subdivision of each chamber into a right and 
left segment is accomplished by the ingrowdh of two septal 
projections, which gradually become complete paititions, 
though the partition between the auricles is not com])leie at 
birth, an aperture existing then m that place which subse- 
quently becomes the fossa ovalis. 

The septum between the ventricles arises in such a manner 
as to divide the chamber giving origin to the pulmonary 
artery from the one whence springs that great primary artery, 
the aorta. 

4. Turning now to survey the heart as it exists in Verte- 
brate animals generally, we find that different creatures exhibit 
permanently conditions which arc but transitory in man. 

In so far as the heart of man consists of four distinct cavities 
it agrees with that of all other animals not only ®f his own 
class, but also of the class of Birds together wdth the Croco- 
dilian group. 

It may be that the ventricles arc but imperfectly divided, 
as is the case in all Reptiles except Crocodiles, in which 
latter they are completely separated. 

The auricles themselves may ateo communicate perma- 
nently, as in some Chelonians ; w^hile, on the othef hand, that 
trace of primitive division, the fossa ovalis, may be more com- 
pletely obliterated than in man, as is the case in the Kangaroo. 

Where (as in Batrachians) the heart has but a single ven- 
tricle, the root of the aorta is dilated into a bulbus aortte, 
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or bulbus arteriosus^ which may be rhythmically contractile, 
as in Elasmobranchs, or not so, as in Teleosteans. Its en- 
trance has valves variously conditioned in different animals. 
The heart may consist of but two cavities, one auricle and 
one ventricle, as in Fishes. This reduction is, however, ac- 
companied by a dilatation of the root of the aorta into a 
bulbus arteriosus, and of the termination of the venous chan- 
nels at the heart into a sinus vcnosus. 

Finally, the heart may consist of but a simple tube, as in 
the Lancelet, so often referred to 



Fig 3sf» — H kaki of Crv^i omuanchus— or i-Nti) on n s Doksai Asi’I^ct 
(Ayfer Hyrtl ) 

<1, ventricle , l\ auricle ; r, vena cava ; rf, right innominate vein ; e, coronary veins 
from the heart opening into the right innominate vein ,y, left innominate vein , 
y;, five fleshy, semi-huiar valves at the root of the bulbus aorta? ; //, three flcsliy 
scrni-luiiar valves placed at the entrance of the right subdivision of the bulb , 
//', a prominence below the left subdivision of the bulb , membranous st nu- 
lunar valve at the root of the left subdivision of the bulb 

The envelope of the heart, the pericardium, may have its 
cavity continuous with that of the peritoneum, as in the 
Myxinoid and Elasmobranch Fishes. 

The right ventricle may, as in all Mammals and Birds, 
give rise to the pulmonary artery only, or, as in Crocodiles, to 
an aortic arch also. 

The valve separating that ventricle from the right auricle 
may, as in Birds, be muscular in structure, instead of mem- 
branous as in man. 

In forms*such as Frogs and most Reptiles (in w’hich pul- 
monary arteries co-exist with a single or an imperfectly 
divided ventricle), special arrangements of valves cause the 
venous blood to be propelled into the pulmonary arteries, and 
mainly arterial blood into the aortic arches. 
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The heart may show marked signs even externally of the 
division into a right and left side, as in the Dugong, where 
Its apex is deeply notched. 

The heart may be more elongated than in man, as in Birds , 
or shorter and broader, as in Chelonians. 

5. As has been said, two arteries in man leave the heart, 
one proceeding from the right ventricle, the other from the 
left. These two channels ultimately end in distinct sets of 
capillaries, and thus there are two categories of arterial 
channels. 

The great artery proceeding from the right side of the 
heart is termed pulmonary^ and conveys the as yet unaerated 
blood for purification. It soon bifurcates info a right and a 
left branch, and these branches ramify in the substance of 
the right and left lungs respectively. 

The arterial trunk proceeding from the left side of the 
heart IS the largest of all, and is called the gfeat aorta. 
It ultimately ends in capillaries distributed over the whole 
body, and constitutes the generally diffused (or systemic,' 
arterial system. The aorta arises from the upper and back 
part of the left vcntticle, whence it ascends forwards and to 
the right, and then curves backwards and towards the left, 
forming what is called the arch of the aorta'' It curves 
over the left bronchus, passing obliquely fi om the sternum to 
the spine. It then continues on in a nearly straight, vertical 
line, descending along the front of the vertebral column 
(rather on its left side) to the fourth lumbar vertebra, where 
It divides into the two common (or unsubdivided) iliac 
arteries— to be noticed shortly. 

The aorta gives off from the convexity of its arch four 
great arteries, two going one to each side of the head, the 
two others to the two arms. Normally, however, the two 
vessels, going respectively to the right arm and right side of 
the head, are undivided for a short space, forming a large 
trunk called the innominate artery. 

The tw'o arteries for the head are each called “ common 
carotidy and each bifurcates in the upper part of the neck 
into two branches, called respectively the external and the 
internal carotid, • 

The external carotid, besides physiologically important 
branches to the face and the sides of the head, sends one 
called the thyroid to the larynx, one called the lingual to the 
tip of the tongue, and one, the posterior auriculary which as- 
cends (close to the styloid process, and passing through the 
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, fic;. 357 .— Arteriai System of Man. 

root of aorta: 2, its arch ; 3, left common carotid artery ; 3', right common 
carotid ; 4, left subclavian , 5, left vertebral , 5', right vertebral , 6, temporal ; 
7, axillary; 8, radial ; 9, ulnar (between the radial and ulnar arteries the 
interosseous artery may be seen); 10, descending aorta ; 11, renal artery ; 12, 
external iliac , 13, femoral ; 14, anterior tibial ; 15, peroneal ; 16, posterior 
tibial. 
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stylo-mastoid foramen) to the tympanum. The external 
carotid then continues on, assuming the name of inte7‘nal 
maxillary and enters the spheno- maxillary fossa^ 

It gives off a number of branches, and amongst them a small 
one called the tympanic artery, which ascends through the 
fissura Glasseri to the tympanum, and there unites (or, as it 
IS termed, anastomoses) with the posterior auricular ; also the 
vidian^ which passes back througli the root of the pterygoid, 
and some branches to muscles. It then ends by dividing 
into the descending palatine the nasal arteries. Of these 
two, the former descends the posterior palatine canal along 
with the palatine nerve, runs along the palate and enters the 
anterior palatine foramen where it anastomoses with the nasal 
artery, fhe nasal artery enters the nose through the spheno- 
palatine foramen (in company with the nasal nerve), sends 
twigs to the ethmoid, and, skirting the nasal septum, descends 
the anterior palatine canal to anastomose w'ith the descending 
palatine as just mentioned. 

'Fhe internal carotid transverses die petrous part of the 
temporal bone (as already noticed in the Lesson on the Skull;, 
and, ascending lieside the basi-sphenoid, anastomoses with its 
fellow of the opposite side at the pituitary fossa. While 
ascending the carotid canal of the petrous bone it gives off 
a small branch which anastomoses with the tympanic, vidian, 
and posterior auricular arteries. It terminates as the opJt- 
t/ialmic artery, winch, entering the orbit by the optic foramen, 
skirts the inner wall of the orbit and distributes small branches 
in various directions. 

The artery of each pectoral limb is termed the subclavian ^ 
and springs on the left direct from the aortic arch, but on the 
right from the innominate artery. 

Each subclavian gives off an artery termed vertebral^ 
which ascends through the perforations of* the cervical trans- 
verse processes, and, entering the skull through the foramen 
magnum, unites with its fellow to form the basilar artery, 
which latter runs along the upper surface of the basi- occipital, 
gives off branches to the brain, divides, and anastomoses on 
each side with the internal carotid. 

The subclavian gives off certain ofher branches, and then 
passes out of the trunk at the arm-pit as the axillary artery. 
It descends the arm on its inner side, between the biceps 
and the triceps muscles, and is then called brachial. At the 
elbow it sinks between the pronator teres and supinator 
longus, and bifurcates into the radial and ulnar arteries. 
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The ulnar gives off the interosseous artery from the inter- 
space between the radius and ulna, and then passes along 
the inner side of the fore-arm to the hand, while the radial 
traverses the front of the fore-arm obliquely to the outer 
border of the wrist. These two arteries anastomose by a 
pair of palmar arches (one deeper than the other) which 
pass transversely between the ulnar and radial arteries. Of 
course, a variety of less important branches are given off 
at intervals, from the axillary artery and its subdivisions, 
along the whole extent from the axilla to the palm. 

The great descending aorta gives off many small branches 
to the air-tubes, the oesophagus, and the spaces between the 
ribs, the last being called intercostals. After passing through 
the diaphragm, the aorta gives off several important branches 
to the viscera in the abdomen. Such are (i) the coeliac axis, 
which divides into a branch to the stomach, one to the spleen, 
and one to the liver — called hepatic; (2), the superior and 
inferior mesenteric arteries, which pass to the mtestines by 
means of those folds of membrane (mesenteries), in which, 
as we shall see, the alimentary canal is slung ; (3), the renal 
arteries, short and large, which pass, one on each side, to the 
two kidneys respectively ; (4), the lumbar arteries, which 
repeat in the abdomen the intercostals of the thorax ; and 
lastly, the middle sacral^ which is a small median vessel 
running in front of the middle of the sacrum to the coccyx. 

The common iliac arteries into which, as has been said, 
the abdominal aorta divides, after a short course themselves 
subdivide, each into an internal and external iliac artery. 

The internal iliac is short, and distributes branches to the 
viscera and muscles of the pelvis, and also to muscles of the 
back. One small branch, called the superior vesical, passes 
to the side of the bladder, a fibrous cord connecting it with 
the b.uk of the umbilicus or navel. 

The external iliac passes out into the thigh, over the brim 
of the pelvis, and takes the name of femoraL It descends 
the middle of the thigh, between the vastus internus and 
adductor muscles, then dips into the popliteal space, beneath 
the gastrocnemius, and divides there into the anterior and 
posterior tibial arteries 

The posterior tibial passes down, as its name implies (i>. 
behind tlie leg), and goes to the sole between the internal 
malleolus and the os calcis. It gives off, almost at its origin, 
a long branch, called the peroneal artery, which runs down 
behind the outer side of the leg. 
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The anterior tibiai, having passed to the front of the inter- 
osseous ligament, extends down the front of the leg obliquely 
to the ankle, and then dips between the first and second 
metatarsals and anastomoses with the posterior tibial in a 
plantar arch, like the palmar arch before noticed. Many 
smaller branches are, of course, given off at intervals. 

6. In their development the arteries exhibit some' in- 
teiesting phenomena. 

The root of the aorta is, at a very early embryonic period, 
dilated into a bulb, and from it spring five vessels on each 
side (successively, however, as never more than three on each 
side exist at the same time), which arch round and meet 
together beneath the spinal axis to form the dorsal aort i. 



Fig 358 —Diagram represfni ing ihf PkiMmvi* Aortic Arches of 
Mammals and Saukofsidans 

{A/ter H. Rathkc.) 

t 7 y common trunk, or root, of the aorta , b, b, the two branches jnto which it 
divides, and which give off the successive arches i, 2, 3, 4, and 5, which end 
in r, c, two vesse’s which again unite to form the descending, or dorsal, 
aorta 

The fourth arch on the left side persists, grovijf, and be- 
comes the arch of the great aorta. 

I'he third arch becomes the common carotid and part of 
the internal carotid arteries. 

The two more pre-axially situate arches may not impro- 
bably become ultimately the tympanic and stylo-mastoid 
arteries. • 

The fifth arch gives rise to the pulmonary artepes ; a com- 
munication between it and the great aorta, persisting for a 
considerable time, is called the ductus arteriosus (Fig. 367, 0). 

The descending dorsal aorta is at first double, but its two 
parts soon coalesce to form a single vessel. It extends 
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posteriorly into a relatively large middle sacraf artery, and 
gives off two considerable superior vesical (here called hypo- 
gastric) arteries, which go to the umbilicus and much exceed 
in size the primitive external iliac arteries. 

7 . The significance of these changes will appear from a 
consideration of the general condition of the arteries in the 
Vertebrate sub-kingdom. 

A simple vesicular heart in Amphioxus) may be con- 
tinued on forwards (/>. pre-axially) into a median artery, 
whence on each side diverge very many pairs of arteries, 
which ascend dorsally in contiguity with semi-cartilaginous 
arches, subservient to aquatic respiration. In this case the 
first arch on each side may continue uninterruptedly upwards 
till it meets its fellow, the two uniting above to form the 
anterior end of a long subaxial dorsal aorta. The ascending 
arches behind the first do not reach the aorta, but taper as 
they ascend till they terminate dorsally in a point, while each 
has a contractile dilatation at its base. Meanwhile the 
blood is collected by separate vessels (called veins) which 
spring from each branchial arch, and, growing larger as 
they ascend, pour their contents into the aorta. 

This is a condition found in the Lancelet alone amongst 
the Vertebrata. In no other member of that sub-kingdom 
can aortic arches by any calculation, or at any period of life, 
be made to exceed eleven on each side. 

In the Shark Heptanchus there arc probably seven distinct 
branchial arches on each side. 

From the Lepidosiren and Cc7‘atodus we find there may be 
five branchial arches on each side ; or there may be but four, 
as in the Perch. 

In Fishes the arteries run on the outer side of the branchial 
arches (noticed in the Lesson on the Skull), and give off 
minute twigs to membranous structures termed gills (which 
will be described in the Twelfth Lesson). The blood is col- 
lected in the gills and conveyed to corresponding ascending 
vessels (called branchial veins) by minute twigs,’ from which 
such ascending vessels take origin. The branchial arteiies 
springing from the aortic bulb are not directly continuous, or 
connected by considerab^ie branches, with the vessels joining 
the dorsal ^orta — or branchial veins. 

Wc may find, however, as in the Frog (at that age of its 
tadpole condition when the external gills begin to atrophy) 
that three branchial arteries from the bulb may co-exist 

* See page 479, Fig. 405. 
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with three corresponding vessels going to the dorsal aorta, 
on each side — direct communications taking place between 



Fig 359 — The Circulation of a Tadpole in its primitive stage, when nearlv 
all the blood is distributed to the gills . the pulmonary arteries being quite 
rudimentary, and the vessel (or ductus Hotalh) connecting together the bran- 
chial artery and vein at the root of each gill, being minute, 
n, bulhus aortae , ha, branchial arteries; hr^,br^, and the three gills (or 
branchia: of each side) , b 7 ), the branchial veins which bring back the blood 
from the gills— the hindmost pair of branchial veins on each side unite to form 
an aortic arch (am), which again unites with its fellow of the opposite side to 
form da, the descending (or dorsal) aorta The branchial veins of the foremost 
gills gives rise to the carotid arteries, cc o, artery going to the orbit ; j^a, 
pulmonary artery , i, 2, 3, anastomosing branches connecting together the 
adjacent branchial arteries and veins. 


neighbouring arteries and veins (by what is called a ductus 
Eotalli)^ in spite of each artery and vein minutely dividing 
in the gill beyond such points of communication. 



Fig 360.— The Circulat ion in a Tadpole Fig 361 — The Circulation 
at a moke ADVANctD STAGE, whcii the IN aYoungFrog Here ihc 
gills have begun to be absorbed the piilnio- gills have been absorbed, and 

nary arteries to increase, as also the eon- the blood passes diiectly from 

nccting branches (at the root of the gills) the heart to the head, the 

between the branchial arteries and branchial •dorsal aorta, the lungs, and 

veins the skin. 

The letters refer to the same parts as The letters refer fo the same 

in Fig. 359. parts as in Fig 359 

Again, we may find, as in the adult Frog, three aortic arches 
on each side, whereof the first is the common carotid, the 

£ £ 
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second meets its fellow of the opposite side above to form 
the dorsal aorta, while the third sends one branch forwards 
to the skin and another backwards to the lung. Here the 
aortic arches are not broken up by any interposed minute 
ramifications. 

Again, as in Ctyptobranchits^ we may have two arches on 
each side, all meeting to form the dorsal aorta, and each 
1 inder one giving off a branch to the lung. This condition 



Fig 362 —Maiv AurKKiAu Vkssms oi* Crm-toukanc hus. 

{After Hyrtl ) 

a, atlas vertebra . h, bulbiis arieripsus c, t, arienes going to the mouth . d, d, 
anterulfj.ind e,e, jmstenor .ioriic arches meeting at <*', the two conjoined archc'i 
further uniting at d , pulmonary arteries , external maxillary artery , 
h, internal carotid ; z, vertebral , k, left subclavian , /, right subclavian , w, 
spinal artery. 

reminds us of that early stage in man (before noticed) when 
the ductus arteriosus connects the pulmonary artery with the 
aorta ; only in Ctyptohranihus, wc find such a connexion per- 
sisting c\n both sides of the body, while in man the right 
great aortic arch has aborted. 

Wc may also have, as in the Crocodile, two aortic arches 
— given off respectively from the right and left ventricles — 
uniting in the dorsal aorta ; or finally, as in man’s class and 
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in Birds, we may have a primitively double aortic arch spring- 
ing from the left ventncle only. Of this primitively double arch 
it may be the left half only (Fig. 366), which is developed, as 
in Mammals, or the right half only (Fig. 365), as in Birds. 

When there are two aortic arches, one from each ven- 
tricle, these two arches may open into each other by a small 
foramen just outside the heart, as in Crocodiles. 

Thus we see that man’s earliest condition is most re- 
sembled by Fishes, which, how^ever, may have a greater 
number of arches than are ever developed in him, and, 
moreover, these arches may all persist simultaneously. Also 
a variety of other conditions, transitory in man, may be per- 
manently retained by animals of different kinds. 



Fig 3''! — Diac.kam kkprfsI’N iinc, 
I HI' Vl'S'-MS AND AuKTIC AkcHES 
OH A Sn \mc, .iiul ihe t hanges which 
the prunitivc c<niditH)U (Fig. 358) has 
underij’oiic lii this and the thiee 
following figuics the parts left blank 
are those w Inch abort. 

{After Jl Kathke:) 

a, n, internal carotids ; /», extern.d 

carotids ; r, r, common carotids. , 
//, d, d, right main aortic arch , 
vertebral aitcry , /,/,/, left aortic 
arch . 4% commcncenient of the de- 
scending aorta , //, k, pulmonary 

aitery , /, remnant of a primitive 
aortic aich — or ductus Rotalli — heic 
a leninant of the right first .aortic 
aich, No. 5 of Fig. 35S 



Fig 364 — Diagtv* \m rkprfsentini. 
iiiE Vesseis am> .AoKiir Arches 
or A Lizako, with the changes in- 
duced on the piiinitivc condition. 

{AJter If Rathke ) 

a, n, internal caiotids , /*, By cjiternal 
carotids, (, c, common carotids. 
</, tfy anastomosis betwt^n the in- 
ternal carotids and the secondary 
aortic arches , c, c, right main aortic 
arch, fyf, the snhchivian arteries 
(which give off the v'^ertebral, here not 
represented) , 4*, commencement of 
the groat dorsal .aort.i , /r, h, left mam 
aortic arch , /, /, jiulmonary aite 

nes , ky ky rudiments of the first 
(right* and left) aortic aiches, — 
Nos 5, 5, of Fig. 358. ^ 


The great arteries of the head nnd pectoral limbs may 
diverge from the aortic arch in different combinations in 
man’s own class. 


E E 2 
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Thus they may all arise from the aorta in common as one 
great trunk, subsequently dividing, as in the Ox ; or the left 
carotid, subclavian, and vertebral arteries may all arise sepa- 
rately from the aorta, as in the Dugong ; or both common 
carotids may take origin in one trunk with the right sub- 
clavian, as in the Lion ; or there may be two innominate 
arteries, each dividing into subclavian and carotid, as in 
the Hedgehog. 



Fu; — DiAOKAM REPRESENTING 

THE Main Aktekies of a Bird 
(Fowl.), with the changes induced 
on the primitive condition 

{AfterH Rathke) 

//, rt, internal carotids , 3 , external 
carotids ; c, c, common carotids ; of, 
root of main aortic arch (here right); 

arch of the same ; right stil^ 
ciavian (whicli arises from the ana- 
stomosis of the first two right primi- 
tive aortic arches) , conuitenccment 
of the descending aorta; A, h, left 
subclavian ; /, i, pulmonary arte- 
ries ; kf right, and /, left, rudiments 
of the primitive aortic arches, — 
Nos 3, 5, of Fig 358. 



Fig. 366 — Diagram represen'iim, 
THE Main Ak I'EKiFsoF a Mammai , 
with the changes induced in the 
primitive condition. 

{After ti. Rathke ) 

nr, e, carotids, as before , </, root* of 
main aortic arch (here left) , arch 
of the same ; f, commencement of 
descending aorta ; g, left vertebral 
artery ; h, left subclavian ; /, right 
subclavian ; k, right vertebral artery, 
/, continuation of right subclavian ; 
w/, pulmonary artery . n, remnant of 
left primitive aortic arch (No 5 of 
358\ the ductm arteriosus or 
ductus Botalli 


The two common carotids may ascend in close juxta- 
position, as in Birds, and one of them may be much reducetl 
in size, or even abort.^^ 

The vertebral artery, instead of passing through the cer- 
vical transverse processes, may perforate the neural lamina", 
as in the Llamas. 

The internal carotid may break up (inside the skull) into a 
network of small arteries (called a rete mirabile\ as e,g. in 
the Ox. 
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Very different proportions may exist between the external 
and internal carotids, compared with what exists in man ; 
and the course taken by each may vary in ways which 
characterize different groups of Mammals respectively. 

The brachial artery may also break up into a number of 
small branches running side by side, as in the Sloths and 
Slow Lemurs. 

The femoral arteries of the same animals are also simi- 
larly subdivided, and the same condition obtains in some 
other animals, e.g. the Echidna. 

Great convoluted retia mirabilia may also be formed b>' 
the intercostal arteries, as we see in the Cetacea, eg. the 
Porpoise. 

A small retc mirabile (in what is called — as we shall see in 
Lesson XII. — a pseudobranchia) may be developed from the 
first ,(or hyoidean) aortic arch, as e.g. in Lepidosiren and 
osseous Fishes. 

The intercostal arteries may be less numerous than the 
intercostal spaces, as in many Fishes. 

The artery of the pectoral limb may be given off from the 
dorsal aorta, almost immediately after its formation, as in 
Fishes. 

The dorsal aorta may dilate beneath each vertebral cen- 
trum of the abdomen, as in the Carp. It may give off many 
small branches to the kidneys, as in Fishes. 

The internal iliac arteries may be given off distinctly from 
the external, as in the Kangaroo ; and, as m the same animal, 
the middle sacral artery may be continued on of large size. 
The internal iliacs may be larger than the external, as in Birds. 

The inferior mesenteric artery may abort in man’s own class, 
as e.g. in the Kangaroo ; and the two coeliac arteries may 
ramify in a sort of 7‘etc mirabile^ as in the Porbeagle Shark. 

8. The structure of the veins, their coats, valveg, and the 
piimary facts as to their conditions, have been noted in the 
first two Lessons of Elementary Physiology,” but the re-” 
capitulation of certain points is here necessary in order to 
avoid obscurity. 

The veins, like the arteries, may be divided into tw'O very 
unequal categories. The first of tlgese comprises all those 
which aid in bringing back blood from all parts of the body 
to the right side of the heart : this consists tKen of the 
systemic veins. The second category includes only those 
veins which bring back blood from the lungs to the left side 
of the heart (the left auricle) — the pulmonary veins. 



<32 ELEMENTAL Y ANA TOMY, [less. 

The systemic arteries (excluding retia mirabilia and gill 
structures from consideration) never, after dividing, reunite in 
a second aggregation. 

The same is not the case with the veins, for certain of 
them, on their way back to the heart, break up. into a minute 
network in the liver, whence they reunite and emerge in a 
large trunk, which tlien unites with the rest of the systemic 
venous system, and enters the heart. This secondary distri- 
bution of blood in the liver (the primary distribution there, 
being that of arterial blood by the hepatic artery) is what 
is called the portal circulation. The veins which diverge and 
become smaller in the liver — conveying venous blood into it 
— are called portal veins. The veins which collect them- 
selves, unite and so become larger in the liver-' conveying 
venous blood out of it — are called hepatic veins. 

The blood from the brain and from within the cranium 
is collected on each side into the internal juj^ular vein, 
which passes out of the skull at the foramen lacerum pos- 
terms, and, descending the neck, joins the subclavian vein 
(of the same side of the body), which is the one bringing 
bat k the blood from the arm. 

The blood from the outside of the head, from the muscles, 
teeth, &c., is collected on each side by the external jugular, 
which descends the neck and also opens into the subclavian. 

A great trunk, the innominate^ is thus formed (by the 
union of the two jugulars and the subclaxian) on each side 
of the body, and the two innominate veins joining together 
form a yet greater trunk, called the vena cava superior, which 
opens, as has been already mentioned, into the right auricle. 

The veins of the legs collect themselves together into a 
great vein, calleci the external iliac, which passes m (from 
the limb to the abdomen) over the front brim of the pelvis, 
and is joined by the internal iliac, bringing blood from the 
pelvic viscera. 

This junction forms what is called the common iliac vein, 
there being, of course, one for each side of the body. 

The two common iliacs unite and fonn one large and long 
ascending trunk, called the vena cava inferior, which perforates 
the diaphragm, and poitrs its blood also into the right auricle. 

On its ;j\^ay this trunk receives blood from a muictle sacral 
vein (corresponding with the similarly-named artery) ; from 
the kidneys (by short, wide renal veins) ; it also receives blood 
from certain other parts ; and, finally, it receives blood from 
the hepatic veins, of which more must be said. 
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The veins from certain viscera, namely, the spleen, the 
mesentery, the intestines, and the stomach, finally unite into 
a single trunk — the portal vein, already mentioned. This 
enters the liver, and there breaks up and ramifies side by side 
with the ramifications of the hepatic artery, which latter brings 
arterial blood to that organ. This double supply of blood 
(one arterial, the other venous) is antagonized by but a simple 
set of efferent vessels, the hepatic veins. These, as More 
said, collect themselves together in the liver, meet and en- 
large, and finally open obliquely into the vena cava inferior 
-- a semilunar fold being visible at the lower border of the 
orifice of each vein. 

There remains one more venous structure which may be 
noted, namely, what is called the azygos vein — an absurd 
designation, as there arc really two such veins, though that 
on the right side is much the larger. 

The right azygos communicates with the \cna cava soon 
after its own origin, and ascends on the right side of the 
vertebral column, receiving venous branches called lumbar 
\cins and intercosfals. It originates below in the lumbar 
^CIns and terminates above m the vena cava superior. 

The left azygos is similar, except in size and in that it 
opens above into the loft innominate vein. 

The two azygos veins communicate by a transverse branch 
passing behind the oisophagus, and it is here that the left 
vena azygos is said (in works on human anatomy onlv) to 
terminate— the part above this junction, and intermediate 
between it and the innominate \cm, being spoken of m 
y\nthropotomy as the left superior intercostal vein. 

9. In their devki.opmkn'J' the veins of man undergo re- 
markable modifications. 

The first veins to appear are a pair which come from the in- 
testine and ventral region to the heart, and lay the fowndation 
of the portal and hepatic veins, 'rhese ])rimitive veins are 
called omphahmicscraic ; the) unite and dilate into a venous 
chamber (called sinus ^fcnosus^ before entering the heart. 

Two other venous trunks ap])car on each side, beneath the 
primitive skeletal axis, and e<irh sends down a vein (the 
ductus Cuvien) which opens also mt(# the sinus venosus. 

The part of each Jrunk which runs backwards from the 
head to the ductus Cuvicri is called the anterior eai^dinal 
vein. The part of each tnink which runs forwards from the 
hind part of the body to the ductus Cuvieri is called the 
posterior cardinal vein. 
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Another vein, called the umbilical^ comes from the anterior 
abdominal wall and from other parts, and joins the omphalo- 



Kio. 367 .~Diagram rfprfsknting the Early Condition of thh 
Circulation in Man. 

The course of the blood is indicated by arrows. 
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meseraic veins, but also sends a branch directly to the sinus 
venosus. 

Then the combined omphalo-meseraic and umbilical veins 
break up into the portal circulation — the branch direct from 
the latter to the sinus remaining however for a time as the 
ductus venosus. The part of the omphalo-meseraic vein 
near the heart which persists undivided thus, becomes the 
hepatic vein. 

In the meantime the vena cava inferior arises as a large 
median vein (superficial to the aorta), receiving accessions 
from the pelvic limbs and from the kidneys. It intrudes, as 
it were, upon the hepatic veins, and gives its name to the 
vein directly entering the heart, into which the hepatic vein 
is described as opening in the adult. 

After a time the posterior cardinal veins become discon- 
tinuous with the anterior ones, and grow into and become the 
azygos veins. 

The anterior cardinal veins become the jugular and inno- 
minate veins. The left ductus Cuvieri aborts, and the left 
anterior cardinal vein proceeds to join the right ductus Cuvieri ; 
the united trunk is thus transformed into the vena cava 
superior. 

While the sinus venosus becomes indistinguisliably united 
with the right auricle, the ductus venosus becomes ob- 
literated, so that all the blood from the stomach and 
intestines passes into the portal circulation on its way to the 
heart. In the meantime the umbilical vein (which is, as it 
were, the root of the portal and primitive hepatic veins) in 
part aborts, becoming mere fibrous cord ; in part, however, 
It persists, namely as the small internal iliac vein. 

Concomitantly the vena cava inferior gi'eatly increases in 
relative size, as also do its roots — the external iliacs. No veins 
are, on their way to the heart, re-distributed in the kidneys in 
the same way that the portal vein is in the liver. 

10. Turning now to the general condition of the venous 
system, we find that the main conditions existing in adult 
man are those of his class, but that there may be certain 
variations as to the union of the larger trunks, and also as 
regards the presence of venous rctia tnirabilia-—^m\^ 7 ix to 
those already noticed with respect to the arterial^ portion of 
the circulating system. 

These ret/a seem to attain their maximum in the abdo- 
minal region of Cetaceans, e.£-. the Porpoise. The two 
azygos veins may be much more equal in size than in man, 



426 ELEMENTAR Y ANA TOMY. [less. 

as in the Monotremes. Instead of a single superior cava 
there may be two, the blood from the right and left sides of 
the head and pectoral limbs being gathered by two entirely 
distinct sets of vessels, each set ending respectively in a right 
and in a left vena cava, the two vente cav^e each opening by a 
distinct aperture into the right auricle. This is the case in 
very many Mammals, in the Rabbit. The middle sacral 
vein of course increases in importance with the increase of 
the coccygeal region- being thus very large in the Cetacea. 

Below man’s class, and that of Birds, the blood from the 
caudal region and the pelvic limbs may enter the kidneys and 
be therein rc-distributed by ramifying branches, similar to 
the re- distribution of the blood by the portal circulation in 
the liver. This is the case, in Batrachians. Here, how- 
ever, part of the blood from these sources is carried on, by 
ahdomutal vei7is^ directly to the liver. But these veins may 
go directly to the vena cava inferior, as in Birds. 

I'he great veins, before entering the heart, may dilate into a 
rhythmically contractile si7ius vcnosiiSy as in most Batrachians 
and Reptiles. 

I'he blood of the body may be brought back by cardinal 
veins and hejiatic veins exclusively, as is the case in Kishes. 
These cardinal veins consist, on each side of the body, of an 
anterior one receding trom the head and a posterior one 
advancing from the tail -the anterior and posterior cardinal 
vein of each side uniting to form a venous trunk (the ductus 
Cuvieri) which descends from the point at which these join, 
to the sinus venosus of the heart ; thus exactly reproducing 
the primitive condition of man’s venous system. 

'riie portal vein itself may be rhythmically contractile, as 
in and Amphioxnts ; or the caudal vein may possess 

a pair of small contractile xcsicles, as m- the Eel. The root 
veins of the limbs may be contractile, as in many Batra- 
chians, or veins so remote from the centre of the circula- 
tion as those which traverse the wing membrcines of Bats 
may be similarly contractile. 

Finally, as in Amphioxus, we may find many veins to be 
possessed of this property. 

The veins may be destitute of valves, even in man’s own 
class, as in the Cetacea. 

II. We sec, then, that not only structurally, but also 
physiologically, the circulating system, even in man’s own 
sub-kingdom, may present very important divergences from 
the conditions wc find in him. 
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Thus the blood, instead of being propelled in a double 
circuit as in man, may, as in Fishes and young Batrachians, 
make but a single great circuit, not returning to the heart till 
the whole round has been completed. 

In this case the heart propels venous, unacrated blood 
only, which, quitting that organ by the bulbus aortic, passes 
to the gills, where it undergoes aeration, not by “decomposition 
of the water and extraction of its oxygen, but by the recep- 
tion of that gas from the particles of air mechanically mixed 
up with the water which the creature inhabits. Having been 
thus oxygenated, the blood passes to the great dorsal de- 
scending aorta, and is thence distributed over the body. 

Again, more or less blood may return to the liciiit before 
being distributed to the body generally, and thus there may 
be two circulations, as in man, and in all air-breathing 
Vertebrates. 

In many animals which possess this double circulation, 
both venous and arterial blood may be more or less mixed up 
in the heart itself, and thus an impure fluid may be propelled 
by the aortic arches. This condition exists m all Batrachians 
and Reptiles, except the Crocodiles, though (owing to com- 
plex conditions with regaid to the valves of the chambers of 
the heart and of the aorta) the mixture is much less com- 
plete than might be supposed, the blood from the lungs being 
almost entirely forced into that aortic arch which distiibutes 
Its contents to the anterior region of the body. This is the 
case even in so low an animal as the common Frog. 

The two states of blood may be as strictly divided between 
the two sides of the heart as in man, and yet a ceitam im- 
})urity in the circulation may exist. 'J'his is so in Crocodiles, 
whci'e the two aortic arches; coming respectively from the 
venous and arterial sides of the heart, communicate. 

That subordinate sub-division of the larger (or Systemic) 

( irculation which is called the portal system may, as we have 
seen, receive blood from more extensive sources than in man 
and it may be, as w'C have also seen, not the only secondary 
circulation of the kind — for another like it mav at the same 
time exist in each kidney, as is notably the case in 
Batrachians. • 

Rhythmical contractility, instead of being confined to 
the heart, as in man, may be widely distributed, as in the 
Lancelet ; and this is especially the case with regaid to the 
jiroximal ends of the main arteries and veins, which 'may be 
dilated respectiveh (as we have seen) into a bulbus attertvsns 
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(Figs. 356 and 362) and a sinus venosus, forming as it were 
two supplementary cavities to the heart. Even in man’s own 
class, parts so remote from the heart as the veins adjacent 
to the fingers may become rhythmically contractile under 
special circumstances, as we have seen with regard to the 
Bat’s wing. 

The connexion between the systemic and pulmonary 
circulation takes place in all higher Vertebrates, as in, man, 
i.e. only in the heart— its confusion in lower forms has just 
been mentioned. 

The connexion between the blood carried to the gills and 
that which finds its way to the dorsal aorta may, as in most 
Fishes {e.g. the Perch), take place only by the capillaries of 



FlG.^368 -iNFERO-LATFkAI, VlFW OF HfAI> A M> AoRTIC ArcHES 
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rt, oesophagus ; anterior end of bulbus aortae , r, common roots of the first aortic 
arches ; d. third aortic arth , e, first aortic arch dorsal union of the three 
first aortic arches ; g. aorta ; caeliac artery , t, exit of the fifth nerve ; k, 
part of operculum ; exit of the nervus vagus from the skull , w, branches to 
oesophagus ; n, nerve goinj» to the rectus alidominis , Oy nervus lateralis ; /, 
first and hypertrophied rib ; posterior part of skull , r, segmented neural 
spines; f,, chorda dorsalis; f, mandible, //, quadrate. 

the gills.* But, on the contrary, the vessels taking the 
blood from the heart to the gills may be connected by 

* For details of the circulation in the gills see p. 479, Pig. 405. 
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anastomosing branches with those which take the blood from 
the gills to the aorta. This we have seen to be the case in 
the Tadpole at a certain stage of its development. Indeed, 
the primitive condition in Fishes is that of a complete con- 
tinuity of each arch from the heart to the dorsal aorta, and 
it is only as embryonic development proceeds, that each arch 
becomes broken up into a network of capillaries. Examples 
are not wanting of the persistence of this primitive condition 
throughout life in some of the arches, as in Monopterus 
and Lepidosiren (Fig. 368). 

Thus we see that two different and divergent modes of 
respiratory circulation may be developed from the same 
starting-point : the primitive series of aortic arches in the 
one case sending out posteriorly extending branches for a 
lung-circulation ; in the other case, themselves breaking up 
to form a gill-circulation. 

A third mode of respiratory circulation, that by the skin, 
may supplement the others — as in Batrachians, where a 
large artery is given off from the heart to the cutis. As we 
shall see in Lesson XII., both pulmonary’ and gill respiration 
may co-exist, as in certain Tailed- Batrachians. 

In man the heart is placed at a considerable distance from 
the cornua of the os hyoides, but in Fishes in close proximity 
to their enlarged representatives— the branchial arches. 

At first, however, even in him, these parts are adjoined, 
and it is the subsequent displacement of the heart which 
causes certain diverging and obscuring structural conditions. 

Thus the great aortic arch of Mammals is the remnant of 
the vascular arches going to^ the fourth embryo onic visceral 
skeletal * arch, i.e, to the third* behind the mandibular skeletal 
arch. Yet the thyroid artery is placed much in front of 
{i.c. preaxial to) the great aorta, though from the distribution 
of the thyroid artery it probably corresponds with an artery 
going to the fifth visceral skeletal arch, i,e, the third branchial 
arch of Fishes, and perhaps to the fourth and fifth also. 

A similar explanation may be given of the fact noticed in 
the last lesson — the bending back of a nerve to the larynx 
called the recurrent laryngeal. This nerve originally passed 
behind the fourth aortic arch (one %ide of which persists as 
the great arch of the aorta), without any marked ojrvature. In 
the adult this nerve descends a long distance and then returns 
upwards at a sharp angle, passing on the left side round the 
arch of the aorta, and on the right side round the subclavian. 

For a description of these visceral skeletal arches st-e pages 95 and 143. 
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It has become, as it were, pulled out bx the gradual dis- 
placement downwards of the heart and its arches from what 
was their primitive position. Its two ends in the meantime 
retaining their primitive connexions, the whole nerve becomes 
sharply bent, or recurrent.” 

12 . The supplementary part of the circulating organs 
which goes by the name of the LYMPHATIC SYSTEM has 
been already described in the second chapter of Professor 
Huxley’s work so often referred to, the “ Elementary Physio- 
logy?” §§ 5 and 6. 

It will be well, however, here to recapitulate certain lead- 
ing facts. 

The lymphatic system consists of two sets of vessels (dis- 
tinguished by their place of origin) termed lacteals and 
lymphatics. Both arc connected with certain rounded 
structures termed lymphatic glands. • ' 

Each gland consists essentially of a network of finely 
divided lymphatic vessels, on and amongst which capillary 
blood-ves^sels ramify, the whole being compacted together and 
surrounded by fibrous tissue. 

The central part of the lymphatic system consists of a 
vertical canal, which ascends in front of the vertebral column 
and is called the thoracic duct. At its lower end (at the 
junction of the lumbar and dorsal regions) it is dilated into 
what is called the rcceptaculum thyb. 

Into this duct all the lymphatics and lacteals ultimately 
empty themselves, except those of the right arm and right 
side of the head, which empty themselves into a small 
vessel called the right lymphatic duct. 

Both these ducts open into the corrcsjiondmg innominate 
veins. 

Lymphatic vessels are provided with valves like man’s 
veins, and exist in all parts of the body ; but in the brain 
they take the form of investing sheaths for the blood-vessels, 
which run enclosed in lymphatics as a gas-pipe might run 
inside a drain-pipe. 

Tlic lymphatic vessels have proper walls, but they originate 
in mere channels, left, as it were, between the other tissues, 
and thus whatever is cast loose must find its way into the 
lymphatics.^ 

The lacteals arc the lymphatics of the alimentary canal, 
and pass through numerous lymphatic glands which are 
placed in the membranes (mesenteries) which attach that 
canal to the spine. 
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The lacteals end in the lower part of the thoracic duct. 
Lymphatic glands are scattered in various parts of the 
body, but those most readily observed in man are the glands 
in the arm-pit, the groin, and the sides of the neck. 
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The Thoiacjc Dtut occupies the middle of the figure. It lies upon the spinal 
column, at the sides of which are seen portions of the nhs At the hotloni of 
the figure the psoas muscles appear 

</, the leceptaclc of the chyle . b, the trunk of the thoracic diu t, opening at < into 
the junction of the left jugular {J ) and snbcla\ian {g) veins as they unite into 
the left innominate vein , e, the right uinuniinaic vein formed by tlie union of 
the left jugular and subcl.ivian veins , //, lvm[>)iatic glands placed in the Inmbai 
and intercostal regions . h, //, the cut lesophamus. 'J'wo veins are seen running 
alongside the lower part of the tlioracic duct, .uid, just above its middle, one (the 

l..f.\ ... 1 .1 . I....* .1... 

No part of the lymphatic system of man is rhythmically 
contractile. 

13. In surveying this .system by the light furnished by the 
anatomy of other Vertebrates, we find that its condition may 
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be both more complex and that it may be the seat of more 
activity. 

The right lymphatic duct may be so developed that there 
may properly be said to be two thoracic ducts, side by side, 
as in Birds. 

The thoracic duct, even in man’s own class, may be double, 
and may bifurcate at a higher or lower situation. 

Again, the receptaculum may be in the form of a plexus, 
as in the Kangaroo. 

The lymphatics of the right side of the head and neck 
may open directly into the jugular vein, into which vein the 
thoraQic ducts also empty themselves, as in Birds ; and in 
the same class the lymphatics about the kidney open also into 
the renal and sacral veins. The thoracic duct may unite 
with the azygos vein, as, at least sometimes, in the Hog. 

The lymphatics may open directly into the coccygeal vein, 
as in Fishes. 

Lymphatic glands may be absent, as in Reptiles below the 
Crocodiles. They may be few, and confined to the region of 
the neck, as in Birds. 

The lymphatics generally may take on an exaggerated 
form of that condition which they have in the human brain ; 
that is, they may generally appear as large reservoirs 
(sinuses) surrounding the true blood-vessels. Such is the 
case in the lower Vertebra ta, especially in Batrachians, where 
also they may form great sinuses between the skin and the 
flesh, or between the muscles. 

The lymphatics may be devoid of valves (which exist only 
at their junction with the veins), as in the lower classes of 
the Vertebrate sub-kingdom ; or the valves may be few in 
number, as in Birds. 

The walls of the lymphatics, in certain localities, may 
become muscular and rhythmically contractile. Such pulsatile 
structures are called lymphatic hearts. There may be four 
of these structures, as in the Frog, where tw^o such organs 
pump the contained fluid into small veins communicating 
with the subclavian veins at the shoulder, while two others, 
placed at the coccyx,, send their contents into the crural vein. 

Two dilated lymphatic structures, answering to the hinder 
lymphatic jiearts of the Frog, may exist, as in some Reptiles, 
and also in Birds, e.f^, the Goose, Ostrich, and others. In 
these classes, however, they are not rhythmically contrac- 
tile pulsating stnictures, though even in Birds they contain 
striated muscular fibres. 
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LESSON XL 

THE ALIMENTARY SYSTEM. 

1. The alimentary system of man has been in great 
part described in the Sixth Lesson of “ Elementary Phy- 
siology,” §§ 13 — 22. Here, however, a certain amount of 
recapitulation seems necessary for clearness. 

This system begins, as all know, at the mouth, which rs 
furnished with lips and a tongue, and which opens behind 
into the swallow (or pharynx), which, by means of the gullet 
(or oesophagus), leads down into the stomach, from which a 
long and very tortuous canal (the intestine) continues onwards 
to the termination of the alimentary tube or cavity. 

The alimentary tube, from the lips downwards, has 
various fluids poured into it in different parts of its course, 
and these fluids are secreted {i.c, extracted from the blood) 
by certain organs termed glands. 

Thus spittle is poured into the mouth by salivary 
glands.” ‘‘ Gastric glands ” supply their secretion, the gastric 
juice, to the stomach. A second set of spittle glands, the 
pancreas, pour the fluid they form into the intestine ; and 
that vast organ, the liver, also pours into the alimentary canal 
its special formation, the bile. As has been alre.'idy said, 
peculiar lymphatic vessels — the lacteals — collect nutritive 
fluid from the alimentary canal and convey it into the blood. 

All the alimentary organs below the diaphragm — namely the 
stomach, intestines, liver, and pancreas — are invested by a 
fold of delicate serous membrane, which also lines the inner 
wall of the whole abdominal cavity, tlfus forming a very large 
sac, folded in an exceedingly complex manner and contain- 
ing a serous fluid. This complex serous sac, by which the 
viscera are attached (as in a sling) to the front wall of the 
vertebral column, is called the peritoneum. 

2. The MOUTH of man has been described in § 13 of the 

F F 




Fig 370 —A Section of the Mot th and Nosf, tal*en yartically a little to the 
Q left of the middle line 

the vertebral column , h, the gullet , t, the windpipe ; d, the thyroid cartilage 
of the larynx, e, the cpighniis , /. the uvula, the opening of the left 
Eustachian tube , //, rhe opening of the left laihiymal dm t , /, the hyoid bone ; 

the tongue . /, the hard palate in, n, the base of the skull ; o, /, <7, the 
superior, middle, and inferior turhinal bone:*. The letters^',,/, r, are placed 
111 tlie pharynx 


palate, or vehitn) hang^down, from the middle of which a 
prolongation called the innila depends. Ilchind this trans- 
versely extended curtain ih situate the posterior aperture of 
the nostrils, which thus open, not into the mouth proper, but 
into the pharynx. 

The Eustachian tubes also open into the pharynx above. 
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while the aperture of the windpipe is situated below — behind 
the tongue (F\g. 37o,^)* 

I'he teeth have been already noticed in the Seventh Lesson 
of this course. 

On each side, the mouth is bounded by a fleshy cheek, 
only slightly distensible. 

3. In reviewing the mouth as it exists in Vertebrates gene- 
rally, we find that it may be entirely destitute of Jips, as in 
Birds and Reptiles. These structures arc not, however, con- 
fined to man’s class, as they exist in some Fishes, the 
Carp and Dory. Nevertheless, lips are mainly mammalian 
structures, and may attain a much greater development than 
in man. Thus, in the Right-Whales the low^er lip is an enor- 
mous structure, rising up on each "side and overlapping the 
slit-like fissures which separate the numerous baleen plates 
before described. 

The lips may be much more extensible than in man, as in 
even so nearly an allied form as the Orang. The upper lip 
may unite with the nose to fonn an elongated proboscis, as 
in the Elephant. It may be medianly dn ided by a vertical 
separation, as in the Rabbit, the Cat, or the Camel ; and 
each lip on each side may send a process inwards, behind 
the incisors, as in the Rat. Lips, by rare exceptions, may 
be absent even in man’s own class, as in the Ornitho- 
rhynchus, and they are scarcely developed in the Dolphins. 
An exceptional condition is seen in the vSturgeon, where an 
exceedingly small mouth opens on the under surface of the 
head, its lips being protrusible less by their own structure 
than by the singularly elongated and relatively large sus- 
pcnsorial apparatus before noticed. 

In the Marsipobranchs w'C find a great circular lip, destined 
for suction and supported by complex special cartilages ; and 
finally, in the Lancelot we meet with an altogether c:*ceptional 
structure, namely, a mouth in the form of a vertical fissure, - 
and provided on each side with a series of long, slender, 
jointed and ciliated* tentacles. • 

Sensitive tentacles, numerous and of small size, may 
border the lip, as in the Lamprey ; or the lip may send out 
six or eight long tentacles, as in t^c Myxinoids. Higher 
Fishes may— as in the Mullets and wSiluroids- l^ivc fleshy 
and sensitive labial barbs, or cirri. 

A soft palate is a structure peculiar to man's own class, with 

^ Cilintcd sttiirtiires arc such as hear tt/zn, or niiiuitc filamcrts which keep up 
an incessant waving motion. (See-“ Eleinentai’y Physiologj Lesson Vll. § j.) 

F F 2 
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the single exception of the Crocodiles, in which a transverse 
fold, or soft palate, hangs down in front of the posterior nares. 
A distinct uvula is only found in certain members of man's 
own order. The soft palate, however, may attain a greater 
development than it does m man, as in the Cetacea, 
where it is changed into a muscular canal, which prolongs 
the posterior nares, downwards and backwards. We may 
find, as in the Camel, a second and very long transverse pro- 
cess hanging down from the palate, just in front of the true 
velum. It ordinarily hangs down the throat, but in males at 
the rutting season is protruded from the mouth in a singular 
and conspicuous manner. 

The soft palate may extend eight inches beyond the hard 
palate, and indeed half-way down the neck, as in the Ant- 
eater. 

The hard palate, instead of only having very slight trans- 
verse prominences, as in man, may have them produced into 
strongly projecting ridges, as in the Pig, or into transverse 
rows of conical horny spines, as in the Echidna^ or into great 
depending and dentated ridges, as in the Giraffe — a greater 
extension of a similar structure constitutes the balccn-bearing 
ridges of the Whalebone Whales. 

The situation of the opening of the posterior nares has 
already been indicated in the Lesson on the Skull. The 
Eustachian tubes and teeth have also been already noticed. 

The cheeks may be distensible, so as to form pockets, or 

cheek-pouch ,'s," as in the Ornithorhynchus. some Rodents, 
and even in min's own order, as e.^. in the Baboons and the 
smaller and commoner Monkeys of Africa and Asia. 

That median opening of the windpipe which exists in man, 
exists also mall-air-breathing Vertebrates— even those which, 
like Mmobranchus, have at the same time permanent gills. 
No such "structure exists, however, in Fishes,* although in 
the Lamprey we meet with something analogous, as in that 
animal a canal conveying water to the gills opens at the 
back of the mouth, on the ventral aspect qf the opening of the 
gullet. In the hig:her Fishes, instead of one such opening, 
several on each side serve (as we shall see in the Twelfth 
Lesson) to convey water from the alimentary tract to the 
respiratory, organs. 

4. The spittle, or salivary, glands of man are three in 
number :—(i) The glands, one of which lies on each 

* As to the ductus pneumaticus of the swim-bladder, sec Lesson XII. § 3, 
p. 465- 
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side, in front of the ear, behind the ramus of the lower jaw, 
and in front of the mastoid process — resting on the styloid 
process and muscles. It gives off a tube, or duct, which runs 
forward outside the masseter muscle, and then turns inwards, 
piercing the buccinator muscle and cheek, so as to open 
into the mouth opposite the second upper premolar. (2) The 
suh-maxillary glands are next in size, and one on each side is 
placed within the lower part of the mandible and above the 
digastric muscle. Its duct runs forward and opens (010*^6 
to’ Its fellow of the opposite side) beside the fold of skin 
which attaches the under surface of the tongue to the tlooi of 



Frr, 371 —A Dissection of the Right Side of the Face 
rt, the sublingual : b, the submaxillary glands, with their ducts opening beside the 
tongue m the fiooi of ihc mouth at d. c, the paiotid gland and Us duct, which 
opens on the side of the check at e 


the mouth. (3) The sub 4 ingual glands arc still smaller, and 
arc placed in the floor of the mouth, between the tongue and 
the gum of the lower jaw. They open by numerous minute 
ducts. 

Besides these considerable structures, the mucous mem- 
brane which lines the mouth is bt^et with minute buccal 
glands. 

5. On extending our view over man’s sub-kingdom, we see 
that salivary glands may be entirely absent, as is the case in 
most Fishes, in Crocodiles, and in the Cetacea. Only in man’s 
class do we find definite glands of all the three kinds above 
described, though very generally salivary glandular structures 
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exist in the tongue and in the inside of the skin investing 
the jaws, as in many Reptiles, — these latter structures 
answering to our buccal glands, as do also the salivary glands 
of harmless Serpents. Poisonous Serpents however are pro- 
vided with an extra glandular structure, placed beneath and 
behind the orbit. This gland it is which secretes the venom, 
and its ducts convey the poisonous fluid to the base of 
the deeply-grooved poison fang described in the Seventh 
Lesson. By a very rare and remarkable exception, the 
poison gland may (as in Callophis intestinalis) attain enor- 
mous proportions, extending backwards as far as the heart, 
being lodged in the general cavity of the body. 

In the class of Birds we may find sub-maxillary glands 
occupying the whole of the anterior part of the space included 
by the rami of the lower jaw ; or, as in the Woodi>ecker, a 
single gland extending from between the angles of the man- 
dible to its symphysis, and furnished with a distinct duct. 

In man’s own class, both the number and relative size of 
the salivary glands may differ from what we find in him. 
Thus there may be, as in the Dog, an extra structure, called 
the zygomatic ^Q;land^ placed in the floor of the orbit, behind 
the anterior root of the zygoma (its duct opening opposite 
the last true molar), and also another, the second^ or accessory 
sub-maxillary gland, smaller, and placed beneath the true 
sub-maxillary, its long duct opening close to the aperture of 
the true sub-maxillary of the same side. 

The parotid also, as in the same animal, may be some- 
what smaller in size than the sub-maxillary, but this dispro- 
portion is insignificant in comparison with that produced by 
tlie enormous development w^hich the sub-maxillary glands 
sometimes acquire, as in the Ant-eaters, where these glands 
meet together and unite on the chest, superficially to the 
sternum. The sub-maxillary ducts may each be connected 
with a dilated vesicle, or salivary bladder, as m the Arma- 
dillos; or they may branch out and break up, opening by 
many minute orifices on the floor of the mouth, as in the 
Echidna ; or each may remain single, but take a very tortuous 
course, as in the Ornithorhynchus. Parotid glands may be 
absent (the other salivary glands being present) in man’s own 
class,* as fn the Monotremes. 

6. Man’s TONGUK is a muscular body connected with the 
os hyoides in the way already noticed in the Eighth Lesson. 
Its under surface is bound down by a fold of mucous mem- 
brane, called the framum^ which proceeds from the middle 
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line downwards, and then dividing, passes outwards to the 
gum on each side of the lower jaw. 

Both on the right and left of this fnenum is a little papilla, 
on which opens the duct of the sub-maxillary gland of the 
same side. 



Fig. 372. — Submaxillary Glands and Tongue-muscles of Great 
Ant-eater i^Myrniecof/iaga juhata). 

a, main body of the confluent submaxillary (h^e subcervical and subpectoral) 
salivary glands ; c, dilated poition of duct (or salivary reservoir) surrounded by 
muscle , g/t, gonio-hyoideus ; my, mylo-hyoideus , s, prominence of shouldkr- 
joint , sm, sterno-maxillary muscle. • 

{After O’ujen,) 

On the upper surface, or dorsum^ of the tongue, are three 
kinds of small prominences, or papillae. Towards the front 
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and they are mostly long and pointed, and are called conical 
and filiform papillse. 

Scattered over the middle of the tongue are very red 
papillae, called fungiform^ because each is narrower at its 
root than at its upper part. 

The third kind are the circnmvallate papillcC— from eight to 
fifteen in number — arranged at the back of the tongue so as to 
form the letter V, with the point of the V directed towards 
the throat. Each of these is shaped like an inverted cone, of 
which the apex is attached to the bottom of a cup-shaped 
cavity, so that the papilla is surrounded by a circular furrow. 

Man^s tongue contains no osseous or cartilaginous struc- 
ture. Its shape, degree of mobility, and extensibility are too 
familiar to require notice. 

7. The tongue in Vertebrates generally presents a great 
variety as to form and function, relative size, and denseness 
of structure. 

It may be completely absent, as e,g. in the Siluroids, where 
even the glosso-hyal bone is absent. It may, as in most 
Fishes, be almost destitute of muscular tissue, and very 
, slightly mobile, merely investing a glosso-hyal bone, and often 
being furnished with teeth. 

The tongue may be apparently absent in Batrachians, as in 
Pipa ; or even in Reptiles, as in the Crocodile. It may be 
long, pointed, and coated with a horny 
sheath, with recurved processes towards 
the apex, as in the Woodpecker. It 
may be fixed in front and free behind — 
being protruded by eversion — as in the 
Frog, It may be very extensible, 
thickened and somewhat cup-shaped 
at the end, as in the Chameleon. It 
may be exceedingly mobile and ex- 
tensible, with its apex deeply cleft, as 
in Serpents. 

In man's own class the tongue may 
likewise only form the floor of the 
iTvouth, as in the Dolphin. It may, as 
in the Dog and Mole, have on its under surface a longitudinal 
fusiform, rather dense body, attached to the rest by cellular 
tissue, and called the worm, or lytta. The conical papillae 
may be horny, and shaped like small claws, as in the Cat. 
Fungiform papillae may be absent, as in the Horse and 
Manatee. There may be but two circum vallate papillae, as 



^ J7J — Head of the 
17 K O' . Fkyllomedusa. 

‘.howmg the tongue fixed 
m front, but free pos- 
teriorly. 
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in the Rabbit and Proteles; or but one, as in the Rat and 
Pig. They may be disposed in two parallel lines, as in the 
Sheep ; or altogether absent, as in the Manatee. They may 
be, as in the Orang, arranged in the same way that they are 
in Man ; or they may form the letter Y or T, as in the 
Chimpanzee. There may be a large horny papilla on each 
side, as in Manatee and Ornithorhynchus ; or there may be 
horny plates on the tongue, as m the Java Porcupine. 

The tongue may be extraordinarily smooth, but with little 
mobility and flexibility, as m the Elephant; or small, nai- 
row, and tied down, as in the Manatee. It may have a bi- 
furcating apex, as in the Seal. It may be enormous, >ct 
attached all round nearly to the very tip, and without 
papillae, as in the Whalebone Wluxle. 

The tongue may be exceedingly long, and furnished all 
round, except at the tip, with backwardly pointing spines, as 
in the Tamandua. 

This organ attains its greatest relative length amongst 
Mammals in Manis^ where its muscles extend backwards, 
taking origin in the very elongated xiphoid process of tlie 
sternum. There is also a sterno-glossal muscle in the Great 
Ant-eater and in the Echidna. 

There may be a considerable cartilaginous lamelliform 
process extending forwards beneath the tongue, taking 
origin from its under surface further back, and having the 
appearance of a second small tongue beneath the true one. 
Such a structure is found in Lemurs. It is independent of 
the papilla? for the sub-maxillary ducts, which papillae are at 
the same time conspicuous. 

These latter may unite to form a little bifid body beneath 
the tongue, as in the Gibbons. 

The papillae on which the sub-maxillary ducts open may 
be more elongated than in man : such is the case ef en in the 
Chimpanzee. 

8. The (ESOPHAGUS, or gullet, of man is a nearly straight, 
membranous and muscular tube, leading from the pharynx 
to the stomach. 

It consists externally of longitudinal and also of circular 
muscular fibres. Within this muscular coat theie is cellular 
tissue, and this again is lined with mucous membrane. 

The STOMACH is formed of similar materials, and has been 
sufficiently described in the Sixth Lesson of “ Elementary 
Physiology,” § 18. It is a simple, somewhat pear-shaped 
bag, curved, so that its upper surface is concave. The gullet 
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opens near the wide left end, or fundus of the stomach, 
which part is called its cardiac part. The opposite end, or 
pylorus^ leads into the intestine — the muscular fibres project- 
ing, at the point of junction, so as to form a sort of valve. 



Fig 374. — Diagram of the Stomach and Intestines of Man. 
a, vermiform appendix; ac^ ascending colon; c, cajcum ; c\ cardiac end of 
stomach* d, duodenum , dc^ descending colon , k, rectum ; /?, large intestine 
(extending from c to Xr) , oesoi>hagus , yy, pyloric end c>f stomach , s, 
stomach , end of convoluted small intestines (which begin at d)\ ic, trans- 
verse colon. 

9. On extending our view over Vertebrates generally, we 
see that the a^sophagns may be very short and wide, as in 
most Fishes ; also that^it may be exceedingly distensible, as 
in Serpents, 

It may* be furnished with long, hard, conical papillae, 
directed backwards, as in Chelonians. 

It may have a special sac-like dilatation attached towards 
its lower part, as in most Birds (Fig. 378, efi)^ where this por- 
tion is called the crop, which may be double, as in Pigeons. 
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Nothing like a crop exists in man’s class, with the single 
exception of the common Dormouse, which has the lower 
end of the oesophagus enlarged into a glandular dilatation. 

The cjesophagus may be much more muscular than m 
man; or it may be rather valvular at its lower end, as in 
the Dugong, and still more so as in the Porpoise, 

The stomach is sometimes indistinguishable from the 
oesophagus, with which it is directly continuous, without any 
marked constriction, as in most Fishes. It may form one 
continuous canal wnth the oesophagus, even in Birds, e.g. the 
Cormorant ; and indeed in Birds (Fig. 378, generally the 
first or cardiac part of the stomach (called \X\c provcntriculns) 
seems to resemble more a dilatation of the lower end of the 
oesophagus — like that of the Dormouse—than a stomach 
proper. 

It may attain to a very much greater complexity than it 
attains m man, as we see by the Sheep. 

The various exaggerated forms which the stomach assumes 
may be arranged under two heads : (1) an elongation, (2) a 
differentiation, with distinct correlated chambers. 

The first condition may exist even in man’s own order, as 
in the long-tailed Monkeys of India, the Semnopiihcci^ 
which have the pyloric part of the stomach exceedingly 
elongated and also sacculated, i.e. puckered up into a succes- 
sive series of bags. This condition is carried still further in 
the Kangaroo, where the cardiac end is also exceedingly 
prolonged. 

The second form of stomach is slightly exemplified in the 
Pig, where the cardiac fundus is dilated into a little pouch, 



Fig. 375.— Stomach of a SufeM*, •cut open to* show the various lining of the 
different parts. 

O’, oesophagus , r, rumen or paunch ; rt^ reticulum or honeycomb Tps, psaltcrium 
or many plies , abomasum or rennet ; d. duodenum. 

while two parallel folds lead from the oesophagus to the 
pylorus. In the Sheep, however, we find the cardiac end 
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dilated into an enormous paunch, while close to the oeso> 
pha^fus is a small chamber, called the reticulum (on account 
of the net-like appearance of the free margins of the honey- 
comb-shaped folds of its lining membrane). The rest of 
the stomach is divided into a shiall chamber, the psalterium^ 
and a larger terminal portion, the abomastmt. Two folds of 
membrane lead from the lower end of the oesophagus to the 
psalterium, and convey into it the food which descends after 
that second mastication ^called rumhiation) by winch the 
hastily swallowed grass, regurgitated fiom the paunch, under- 
goes the requisite degree of comminution. 

Another complication of stomach is produced by an enor- 
mous increase of the muscular coat of the pylorus. A 
stomach so thickened is called a gizzard, and is found in 



Fig 37<5-— Longitudinal .Section of the .Stomach of the Great 
An 1 -EATER {^My> mecophaga jubata). 

tf*. fESophagus ; r, cardiac division of the stomach ; m, thickened muscular walls 
(or “ girzard ”) of pyloric portion of stomach ; py, orifice of pyloric division ol 
stomach. 

{After Owen ) 

most Birds, especially ,in those that feed on grain, as the 
common Fowl. A gizzard may, however, be developed in 
man's own class, as eg. in the Great Ant-eater. 

Yet another form of complication is exemplified amongst 
Mammals by the Dugong, which animal has two long caecal 
appendages attached to its stomach. Many csecal appen- 
dages may coexist, as in .Fishes, but these open into the 
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commencement of the intestine, and nqt into the stomach 
proper (Figs. 381 and 382, p). 

Another and an exceedingly exceptional condition of the 
stomach may exist, as e.g. in the blood-sucking Bat Dcs- 
modus. Here we have the cardiac end produced into an 
enormously prolonged pouch, while the pyloric part is re- 
duced to a rudiment— the highly nutritious food (blood) 
requiring very little digestion, but needing a large chamber 
for its speedy reception. 



Fig. 377 — Stomach and adjacent Vischra of the Bat Desmodus. 

(After Huxley ) 

O’, oesophagus ; ca^ cardiac part of the stomas h enormously elongated to cd^ the 
cardiac ca.ciim , short pyloric part of the stomach , /, hvor ; j, spleen. 

Instead of being prolonged, the stomach may be very 
much shorter than in man, and indeed its depth ma^ exceed 
its length, as is the case in the Ornithorhynchus and some 
Insectivora, e.g. Rhynchocyon. It may also be globular, as 
in the Fish M or my r us. 

Special glandular structures may exist which have no 
representatives in man. Thus, as in the Rodent Lophiomys, 
there may be a glandular offshoot fr^im the stomach — near 
the pylorus. Again, there may be (as in the Wombat and 
Beaver) a glandular mass within the stomach, sirualed be- 
tween the (esophageal and pyloric apertures. Finally, there 
may be (as in the Dugong) a complex gland within the 
cardiac fundus, formed by a membrane which is spirally 
arranged below, but radiating above. 
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10. The INTESTINES of man have been described in the 
Sixth Lesson of “Elementary Physiology,” §§21 — 23. It may 
be here mentioned that the long convoluted tube immediately 
proceeding from the pyloric end of the stomach is called the 
small intestine. This terminates by a definite opening (de- 
fended by a valve) into a much wider and sacculated tube, 
called the large intestine, or colon (Fig. yj\,ac, tc, and dc). 
Near the point of junction, the end of the colon projects 
blindly in what is called the ccccum, which latter has at- 
tached to it, near its end, a very narrow hollow process, 
called the vermiform appendix (Fig. 374, ^7). The colon 
ascends m the abdominal cavity, passes transversely, and 
then descends to terminate in the rectum. In its transverse 
course the colon passes m close proximity to the first part 
of the small intestine, called the duodenum. 

The intestines, like the stomach, are formed of muscular 
fibres with a mucous lining ; and this lining is, in the smiill 
intestine, drawn out into very numerous folds (called valvular 
comiiventes)^ placed transversely to the course of the bowel 
and m close proximity, thus vastly increasing the amount of 
surface in contact with the food. No such folds exist inside 
the large intestine. 

11. The study of Vertebrates generally shows us that the 
alimentary canal may be much more prolonged relatively, 
and may be more complex than it is in man, as also that it 
may be relatively much shorter and very much simpler than 
in him. 

In man the intestines are six or seven times the length of 
the body, but in his own class they may be as little as three 
times that length, or even less — as in Bats and Shrew^s ; 
while they may be as much as twenty-seven times — as in the 
Sheep. 

Passing beyond man’s class, we find that the intestines 
may but little exceed the length of the bod\, as in many 
Lizards (Fig, 384’; and Serpents, and may even fall short of 
it, as m some Fhshes. 

In that his intestine is divisible into “large” and “small,” 
man agrees with the great maiority of mcmlxirs of his sub- 
kingdom. Nevertheless, all distinctions between these parts 
may be wanting, so that the whole intestine 'forms one 
simple canal, as e.cr^ in the Carp, and still more strikingly m 
the Lamprey. Even in man’s own class there may be no 
distinction in size between the large and small intestines, as 
in the Shrews — and there is hardly any in the Porpoise. 
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The proportion as to length borne by the small intestine to 
the large is generally in Mammals less than in man, in whom 
it is as five to one ; b\it the large intestine may be very 
short (not more than a tenth the length of the body), as in 
most Birds ; it may be, on the contrary, actually the longer 
portion of the intestine, as in the Ostrich. 

The presence of a caecum is not quite constant in man’s 
class, and this structure is never found in Fishes, though it is 
often present in Reptiles, and generally in Birds. In Fishes, 



Fig. 378 — ViscfcKA of the common Fcavl. 

CP, oesojjhapim , i/>, crop ,/r, provcntnculns ; t:, . I, liver , gall-bladder , ' 

/, paiictcas . f/, loop of the duoduimm tnclosnig the p.iiureas, si, small intes- 
tine , li, large intestine . e, caeca , o, oviduct . ii, ureter — The cloaca is cut open 
and some feathers are represented attached to its maigin 

indeed, there are often many ca'cal appendages to the 
intestine, but these will be noticed below in describing the 
Pancreas. 

In man’s class the cccciim often presents an inverse degree 
of size and complexity compared with the stomach. It may 
be enormous, as in the Indris, the Hare, the Galeopithecus, 
the Koala, and the Horse. It may be very simple and short, 
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as in the Opossum and others. It may be wanting altogether, 
as in the Hedgehog, Weasels, Porpoise, and others. 

A vermiform appendix is very rarely found except in 
man. It exists, however, in the highest Apes and in the 
Wombat ; while in the Monotremes there is a small worm-like 
caecum which suggests the belief that this appendix in the 
Wombat is but an abruptly atrophied condition of the free 
end of the caecum — a belief strengthened by the condition 
found amongst Lemuroids, which have a very long caecum, 
drawn out into an elongated conical termination. 

The caecum may bifurcate, as in the Manatee ; or there 
may be two small caeca, as in the Two-toed Ant-eater 
{Cyclot/iorus), or two larger ones, as in the Armadillo 
{Dasypus sexcinctus ) ; or, finally, there may be — as in the 
Hyrax — three caeca, one at the usual situation, and two side 
by side projecting from the colon. A double caecum is a very 
rare condition in man’s class, but it is the rule in the class 
of Birds (Fig. 378, e). 

The large intestine, instead of having a form and arrange- 
ment as in man, may have its various regions elongated and 



Fig. 379.— -Section of the Stomach and part or the Intestines of a 
Shark {Sgualus maxintn\) 

d?, oesophagus ; c, cardiac part of the stomach ; /v, its pyloric part; f, the 
spleen; </, the duodenum, a band contauiing six hepatic ducts; rA, a 
dilatation in which these six ducts terminate , the intestine, provided with a 
spiral valve. 

convoluted, or the whole greatly augmented in length and 
reduced in* diameter, and coiled in a peculiar and character- 
istic manner, as e,g. in the Sheep. 

Valvulae conniventes, absent even in the species most allied 
to man, reappear in an exaggerated form in the small intes- 
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tiive of the lowest member of his class — the Ornitho- 
rhynchus. Folds of membrane may be so developed as to 
form a spiral valve within the intestine, as in Sharks. 

12. The PANCREAS of man is a long, soft, narrow, flattened 
gland (larger at one end than the other), which lies embraced 
by a curve of the duodenum. Its excretory duct traverses its 
length and enters the duodenum a little below the pylorus, 



Fi(3. 380— The Pancreas with its duct (/’/->), together with the spleen {,Sj 
and the splenic artery (SpA). Below this artery is seen the splenic vein 
running to help to form the tfcnaportce (/"'/'). 

Ao, the aorta, Z), a pillar of the diaphragm , PD^ the pancreatic duct exposed 
by dissection in the substance of the pancreas , Dm, the duodenum , BD, the 
biliary duct opening into the pancreatic duct at x , y, the intestinal vessels. 

receiving on its road the bile-duct (to be noticed below), so 
that the two open together into the intestine. The length of 
the gland is from six to eight inches. 

13. The pancreas (or sweetbread) of other Mammals may 
be more developed and complex than in man, as in Bears, 
and may have two ducts — as generally in Dogs. It may pre- 
sent a beautiful arborescent structure, as in the Hedgehog 
and Flying Fox. It may be in the form of three long lobes 
meeting together, as in the Pig. 

The duct may enter the intestine ^t a much greater dis- 
tance from the pylorus than in man (as in the Beaver and 
Rabbit), and quite distinctly from the bile-duct. 

In Birds the pancreas appears as a narrow elongated 
gland lodged in the fold of the duodenum, and generally bent 
upon itself like the gut it adjoins. It has usually two ducts 

G G 
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entering the intestine in advance of the entrance of the biliary 
secretion. 

An essential similarity exists in the pancreas, not only of 
Reptiles, but also of Batrachians ; and yet in Fishes this 
organ appears to be replaced by quite another structure. In 
most bony Fishes there are several, or many, csecal pouches 
attached to the commencement of the alimentary canal. 
These may be but two in number, as in the Turbot ; or there 



Fig 381 — Dige*.tive Organs of a 
Sword-fish {Xiphias gladtm). 

ly liver ; cardiac part of the stomach , 
Pyy its pyloric part ; /, pyloric caeca 
massed intr a bwy like the conglome- 
rate pancreas of Mammals . *, intes- 
tine. 


Fig. 382. — Stomach and Intestine 
OB K'S^\\\’\'\\ii,\Merlatigusvulgarisy 

{After Hyde Salter,) 

oty oesophagfus ; cardiac end of the 
stomach , py^ pyIoru.s ; /, numerous 
pyloric caeca ; r, intestine. 


may be but a single tube, as in Polypterus ; or fifty, as in the 
Pilchard ; or about 120, as in the Whiting. They may be all 
distinct, or they may be agglomerated together into a sort 
of solid gland (showing a certain resemblance to the pancreas 
of higher qnimals), as in the Sword-fish. The pancreas may 
be altogether wanting, as in the Lancelet. 

14. The LIVER of man, the largest gland in his body, has 
been noticed in the Fifth Lesson of “ Elementary Physiology,” 
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It is placed rather to the right side of the body, imme- 
diately beneath the diaphragm *and above the stomach, and 
lies within the cartilages of the nbs. The aorta, vena cava, 
and the crura of the diaphragm are interposed between it 
and the bodies of the vertebrae, whence it extends to the front 
of the abdominal cavity and to its right and left sides. 

It is a solid organ, of a dull reddish-brown colour, smooth 
and convex above, concave and uneven below. It is divisible 
into certain parts (or lobes) ^ which are defined partly by 
grooves and notches, partly by ligaments and blood-vessels. 

In the Tenth Lesson of the present course was described 
how blood is conveyed to the liver from the viscera by the 
portal vein, and from the liver to the adjacent vena cava 
by the hepatic veins, while the nutritive blood from the 
aorta is distributed to the liver by the hepatic artery, itself a 
branch of the coeliac axis. It was also noted how in an early 
stage of development a stream of blood is conveyed by a 
temporary vessel, the umbilical vein, which in part joins the 
vena porta, in part sends small branches into the liver, and 
in part directly unites with the vena cava by a temporary 
canal called the ductus venosus. 

Now the liver, when viewed above, is seen to be divisible 
into two unequal parts, one right and the other left, by means 
of a membranous ligament (called the broad or falciform 
li(;‘amenl) which descends to it from the adjacent surface of 
the diaphragm and consists of two folds of peritoneum, as 
will be hereafter explained. This ligament is attached to the 
liver in a line running from the posterior margin of that organ 
to its anterior one, and the part of the liver on the left of 
the ligament is much smaller than that on its right. 

Viewing the liver on its under surface (Fig. 383), there may 
be seen a deep groove opposite to and corresponding with the 
attachment of the broad ligament (called the longitudinal 
fissure)^ which lodges a fibrous cord (called the round liga- 
ment), The anterior part of this cord (which passes backwards, 
to the liver from the navel) is the remnant of the primitive 
umbilical vein, while the posterior part is similarly a relic of 
the ductus venosus. On this accounl the anterior part of the 
longitudinal fissure is called the umbilical fissure^ while its pos- 
terior part is named the fissure of the ductus venosu» (Fig. 385). 

This longitudinal fissure then divides the liver into two 
unequal lobes on its under surface, and the larger of these 
lobes is again subdivided by other fissures. Thus a small 
prominent lobe (called Spigelian) is placed at the hinder 
G G 2 
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border of the liver, on the right-hand side of the fissure of the 
ductus venosus. It is bounded behind and on its own right 
side by a short and deep fissure (or rather fossa) called the 
fissure of the vena car/a, because that large vein runs along it. 

In front the Spigelian lobe is bounded by the transverse ox 
portal fissure^ which crosses the under surface of the left half 
of the right lobe of the liver, and runs, almost at right angles, 
into the longitudinal fissure. It is into this fissure that the 
portal vein, the hepatic artery, and the great nerves enter, and it 
IS from it that the bile-duct proceeds to convey away the biliary 
secretion. The portal fissure runs to the right, beyond the 
limits of the Spigelian lobe. That part of the substance of 
the liver which is situate behind this outer part of the portal 
fissure is called the caudate lobe (Fig. 385, r), and is a sort ol 



Fig. 383 — The Liver viewed from bfiow 
rt, vena cava , vena porUc , r, the ductus communis choledochus , hepatic 
artery , /, galJ-hladdcr. 

ridge which proceeds from the base of the Spigelian lobe to 
the under surface of the great right Jobe, and is in part limited 
behind h»/ the vena cav^a. That part of tlie right lobe which 
IS in front of the portal, or transverse, fissure is 'marked by a 
depression in which lies a pear-shaped bag, called the ^gall- 
bladder; which has its blind end (or fundus) forwards. ' The 
anterior end of this depression often notches the anterior 
margin of the great right lobe of the liver (Fig. 385, cf). 

The bile, or hepatic^ duct descends from the portal fissure, 
in front of the vena porta, and meets the duct of the gall- 
bladder — termed the cystic duct — at an acute angle. The 
common duct formed by the union of these two is called 
the ductus communis choledochus^ and this passes into the 
duodenum side by side with the pancreatic duct, the two 
opening into the intestine by a common orifice. 
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15. In that man possesses a liver, he agrees, as has been 
mentioned in the First Lesson, with all the other members of 
his sub-kingdom ; and in that he possesses a solid liver he 
agrees also with all, excepting only the Lancelot, in which 



( 

Fig. 384.—Viscfi< V or Li7Ard ( 

Sti/.u'/'tfa ) 

/n, lung ; //, liver . gall-bladder ; s, stom.ich , /, pancreas ; Intestine i 
r, rectum . 1', bladder. 

• 

animal this organ is a mere csecum-like, saccular diverticulum 
(or offshoot) of the intestine, with its apex turned forwards. 

The liver may attain a much greater complexity, as regards 
the^ number of its lobes, than we find in man, but in the 
majority of Vertebrates (in all, that is, below his own class) 
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it is almost always very much more simple. Thus, in Fishes 
the liver consists generally of one undivided mass, or of two 
lobes, as in the Cod j or three, as m the Carp and Rays — very 
rarely of more, as in the Tunny. 

In Reptiles the liver is single, as in the Chameleon and 
Serpents, or consists of two lobes, as in the Crocodile. 

In Birds there are also two lobes, to which sometimes (as 
e.g, in the Swan) there is added a small intermediate lobe 
at the back, which has been deemed to answer to man’s Spi- 
gelian lobe. 

It is in man’s own class, however, that the varieties 
greatest both in number and interest present themselves. 



Fig. aSs.^IoEAL Diagram of Under Surface oh Liver, the front maigin 
being turned upwards. 

{After h lower.) 

caudate lobe , r/, cystic notch , dv, remnant of ductus venosus ; g, gall-bladder, 
/<:, left central lobe , //, left lateral lobe ; ///, left lateral fissure , A portal 
fissure ; rc. right central lobe ; rl, right lateral lobe ; rlf right lateral fissure ; 

Spigelian lobe . «, remnant of umbilical vein . vc, vena cava. 'I’he arrow 
points to the vena cava. 

f 

The study of them has led to the perception that the most 
definite and typical structure of the liver is as follows : — (i), A 
Spigelian and (2) caudate lobe, each defined as in man ; 
(3 and 4), two divisions of that part of the liver which lies on 
the left side of the broad ligament, and which are named 
respectively the “ laterifi left lobe ” and the central left 
loh^;” (5), the lobe which supports the gall-bladder, and 
which is called the cystic, or central right lobe ; ” (6), the 
extreme right part of the great right lobe, often separated 
from the central right lobe by a fissure, and named the 
lateral right lobe.” 
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Further subdivision is rare, though it may exist, as in 
the Rodent Capromys, which has a liver consisting of many 
very small lobules ; and in the Camel, which has numerous 
small superficial lobules on that organ. In the Seals also 
there are many secondary fissures. 

The left lateral lobe may be very little developed, as in 
Semnopithecus^ The same may be the case with regard to 
the left central, as in the Noctule Bat. 

The right lateral lobe may be excessively small, as in the 
Hare. The caudate lobe may be absent, and the Spigelian 
quite rudimentary, as in the Wombat. 



Fig. 386.— Livfr of the Two-toed Sloth {Choltepus] seen from beneath, us 
front margin being turned upwards. 

{A/tcr Florver ) 

t\ caudate lobe , g, gall-bladder, /r, left central lobe , rr, right central lobe , 
r/, right lateral lobe ; j, enormous Spigelian lobe. 

The caudate lobe may attain a great, size, as in the’ 
American Ape Pi the da (where it is as large as any other 
lobe of the liver), and in the Hedgehog. The Spigelian lobe 
may take on an excessive relative development, as in the little 
deer Tragulus^ and above all in Chdlapus. 

The liver may be even more simple than in ^man, as»in 
the Dolphins, where it consists of two lobes only, and is very 
small. It may, as in the Hippopotamus, have no fissures 
whatever visible, the representative of the umbilical vein 
running deep and enclosed in the substance of the liver. 
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In possessing a gall-bladder man resembles the great 
majority of Vertebrates, yet it may be absent in the highest 
and the lowest classes. Thus in Fishes it is wanting in 
a few species, as e.g. in the Lamprey and Pristis, In 
Birds it is wanting in most Parrots and Cuckoos, as well 
as in the Pigeons. Amongst Mammals it is absent in the 
Cetacea, the Sloths, the Elephant, the Camel, the Hyrax, 
Horse, Tapir, and Rhinoceros. The presence or absence of 



Fig. 387 — Liver of the Doi fhin {Drlfihinu^) seen from beneath, its front 
margin being turned upwards. 

(A/trr Flo 7 t>er ) 

lie, united left lateral and left ventral lobes , rcl, united right central and right 
lateral lobes , v<, vena cava. 

this organ, however, cannot be of very great importance, as 
it is absent or present sometimes in the same species ; and 
even two gall-bladders have been found coexisting in an indi- 
vidual (jiraffe. The gall-bladder may be placed exceptionally 
on the left side, as in the Thylacine. It may be, as it were, 
inverted, perforating part of the liver and appearing on the 
upper surface, as in Lemiiroids, e.g. Galaa^o, 

Where a gall-bladder is wanting, the bile-duct may — as in 
the Elephant — be dilated at its entrance into the duodenum. 

The colour of the liver may differ strikingly from that which 
we find in man. This is especially the case in Fishes, where 
it may be bright red, as ki Holoccntnim Oiicvtale ; or yellow^, 
as in Atherina presbyter; or green, as in the Lamprey. 

The livef may also be much less dense in consistency than 
in man— as in Fishes generally; and in aquatic Mammals, 
such as .the Cetacea, Seals, and Otter, it is said to be softer 
than in other kinds of the same class. 
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1 6. The PERITONEUM is, as was mentioned at the begin- 
ning of this lesson, a serous membrane lining the cavity of 
the abdomen, and reflected, from its posterior wall, over the 
viscera which the abdomen contains, and indeed more or 
less completely embracing them, but nevertheless really 
retaining them external to its proper cavity, as it is a com- 
pletely closed sac. 

To understand fully this complex structure it will be well 
to revert to what was said regarding embryonic development. 

I twill be remembered that the laminae ventrales split, each 
lamina thus forming an outer and an inner lamella ; that the 
two outer lamellae meet ventrally and form the abdominal 
wall of ^he body ; and that the two inner lamclhe also meet 
ventrally and form the alimentary canal— the space included 
between the two pairs of lamellae {i.e. between the outer sur- 
face of the alimentary canal and the inner surface of the 
body-wall) constituting the pleuro-peritoneal cavity. 

Now, the whole of the surface of this cavity becomes modi- 
fied to form a continuous serous membrane, and this mem- 




Fig. 388 — Diagram of thf: df-V'e- 

LOl'MENT OF THE TkuNK AND 1 IS 
Skeleton, as shown in a section 
made .Tt right angles to the trunk's 
long axis. 

nc, neural can.il ; ex, epaxial cartilages 
ascending to surround it ; J>x, par- 
axial cartilages descending in the 
plate, or layer (/rr), external to pp, 
the pleuro-peritoneal cavity ; Ivi, in- 
ternal plate of the split ventral 
lamina. 


Fig 389 — Diagram ok the ri m her 
Dfvelofment ok the Trunk, as 
shown in a section similar to the last. 
a, alimentary canal supported by a me- 
sentery-' formed of the^lors.3l portion 
of the inner parts of the split wall of 
the embryonic ventral laminae . e, 
epaxial arch ; h, hypaxi.nl arch de- 
scending in the median line in the 
root of the inner part of the split all 
of the ventral lannme ; /, rib, bi- 
furcating proximally and abutting 
ventrally against the sicrrnim, which 
thus completes the paraxial arch ; w, 
peritoneum, bounding on all sides,/^/, 
the pleuro-peritoneaKpace 


brane is the peritoneum. But the root part of the inner pair 
of lamellae — i.e. that part which intervenes between the 
alimentary canal and the axial skeleton— diminishes and 
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ultimately disappears with the exception of the serous mem- 
brane coating it, and thus, the two serous coats of its two 
sides meeting together, the alimentary canal comes to be 
slung by means of them from the skeletal axis in a peritoneal 
fold, or, as it is called, mesentery. In man and in allied 
animals, however, the alimentary canal is very tortuous and 
convoluted, and has annexed to it many complex accessory 
structures. Thus the lining peritoneal membrane, passing 
from one digestive organ to another and wrapping them 
round in various degrees and with various adhesions, comes 
to form a wonderfully complex structure. 

* In man, beginning from the under surface of the. dia- 
phragm, we find a fold of peritoneum constituting the falci- 
form ligament, before described, attaching the liver to the 
diaphragm. The peritoneum then descends, coating the 
abdominal aorta and inferior vena cava. It also descends, 
and coats the liver. From the under surface of the liver it 
again descends to the stomach, in a double fold of membrane 
called the ^astro-hepatic omentum. It next encloses the 
stomach and also the spleen. It also invests the intestines 
except the greater part of the rectum, but it coats the anterior 
surface of that gut as well as the upper and inner surface of 
the bladder. From between the stomach and the transverse 
colon, a great, free, apron-like fiap of peritoneum, called the 
great omentum^ hangs down loosely in front of the bowels. 

This great complex bag, the peritoneum, exists in all Ver- 
tebrates, but in lower forms is greatly simplified in conformity 
with the simple arrangement of the viscera (Fig. 390). In 
Fishes its cavity sometimes communicates with the exterior 
by two apertures placed near the external termination of the 
alimentary canal, as e,g, in the Lamprey, Eel, Salmon, and 
others. It’ may communicate by a single opening placed 
further foi^wards, as in the Lancelet. It may communicate 
with the pericardium, e.g. in Myxine, the Sturgeon, and 
Sharks, as was indicated in describing the diaphragm. 

It may, as in most Reptiles, and in Batrachians and Birds, 
line uninterruptedly the thoracic and abdominal cavity, 
forming one pleuro-peritoneal sac ; thus differing from man 
(and Mammals), in whoift, as we shall see in the next Lesson, 
the thorax .has its own proper serous sac, that muscular par- 
tition, the diaphragm, dividing the two cavities in Mammals. 
The peritoneum may be delicate and transparent, as in man. 
It is so In his class generally, and in Birds. It may, how- 
ever, be black, as is sometimes the case in Reptiles and 
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Fishes. It may have a silvery metallic lustre, as often in the 
last-named class. 

It may, as in Birds, form great cells which communicate 
with the lungs, and thence become inflated with air. 

The peritoneum may be incomplete, being reduced, as it 
were by local atrophy, to shreds and patches, as in many 
cartilaginous Fishes, e.g. the Sturgeon. 

Instead of an omentum passing post-axially as in Mam- 
mals, two such structures may extend pre-axially {i.e. towards 
the head) from the oelvic region, as in many Lizards. 



Fig 390 — Diagram of a Transverse Section of a Lizard, showing the 
.stomach, spleen, le-iser omentum, and falciform hepatic ligaments, all in their 
typical or median position 

[After Pittard.) 

ns, neural spine ; c, neural canal ; p, outer surface of body ; peritoneum lining 
the body-cavity and investing the viscera , n, the aorta , s, the spleen ; g, the 
stomach , h, the gall-duct , f, the falciform ligament of the liver , r, the pleuro- 
peritoneal cavity. 

The whole intestine (/>. both the great and small intes- 
tines) may be suspended by one continuous mesentery, even 
in man’s own class, as in the Shrew and the Elephant. 

17. In the DEVELOPMENT of the alimentary system the 
first notable modification is the splitting of the lamina:! ven- 
trales, as already mentioned. When by the ventral union of 
the inner laminae the alimentary canal is formed, "this canal 
is at first a straight tube closed at both ends, and extending 
along the ventral aspect of the axial skeleton. 

After a time the tube, towards the middle of the body, bends 
away from this axis in a sharp ventral curve, while that part 
of it on the pre-axial side (side next the head) of the curve 
dilates and becomes the stomach. * The part on the post- 
axial side of the curve becomes the transverse colon, while 
the intervening loop becomes greatly lengtheneci and exces- 
sively convoluted to form the small intestine and ascending 
colon, a little bud-like offshoot laying the foundation of the 
caecum. As we have seen, this proximity of the transverse 
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colon to the stomach and duodenum, thus early initiated, 
persists with great constancy. Each of the two ends of the 
alimentary canal becomes perforated by means of a depres- 
sion which appears on its surface, and which deepens till it 
opens into the nascent alimentary canal. 

The large intestine is at first of less capacity than the 
small, and the vermiform appendix is at first as wide as the 
caecum. 

Immediately below the dilatation for the stomach a very 
small offshoot grows out from the alimentary canal, and 
around this a soft mass of tissue is developed — the future 
liver. The transitions which ta 1 ce place with regard to the 
blood-vessels in connexion with this part have been already 
described in Lesson X. The part of the alimentary canal 
which is pre-axial to the stomach becomes, of course, the 
oesophagus. It also gives off diverticula, but as these (after- 
wards the lungs) are not directly related to the alimentary 
system, they will be noticed in the succeeding and last Lesson. 

18. Thus a certain rough and general approximation to 
the earlier conditions of the digestive system found in man 
manifestly persists in lower Vertebrata ; in some Fishes the 
alimentary canal being, as we have seen, of nearly uniform 
width throughout its course, without even a dilatation to fonn 
a distinct stomach. The liver in its earliest condition recalls its 
permanent form in Amphioxus. As w'e ascend through the 
Vertebrate scries, we find in the highest class a greater com- 
plication of definite, distinct, and mutually related parts, 
although the ascent is by no means regular. Not in man do 
vve find the most complex stomach, but in the Sheep. Not 
in him is the c.ecum at its maximum, but in the Indris and 
some others before mentioned. Valvulceconniventes, indeed, 
are a marked character of the small intestine of man, but 
they are >^t more marked in the Ornithorhynchus. The liver 
may be much more complex than in him, but it may also be 
more simple even in his own class. The tongue may be 
much longer and more mobile ; it may also be much shorter 
and less mobile, or may abort altogether. Salivary glands 
may be completely absent ; they may, on the contrary, attain 
a size and complexity to which those of man arc far from at- 
taining. The alimentary system, then, hardly agrees with the 
nervous system in presenting marked and readily appreciable 
characters, by which man’s ^organization exhibits an evident 
and unmistakable superiority, though a certain superiority 
probably exists in the reciprocal co-ordination of its parts. 
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LESSON XII. 

TER EXCRETORY ORGANS. 

I. In the First Lesson of “Elementary Physiology,” § 23, 
while explaining the nature of the excretory process and its 
most general conditions, it was stated that the excretory 
ORGANS are three in number, namely : (i), the skin; (2), the 
lungs ; and (3), the kidneys. The description of the skin and 
its various appendages has formed the subject of our Seventh 
Lesson. Nevertheless, the consideration of its glandular 
structure was purposely deferred to the Twelfth Lesson, and 
may be here considered, with the lungs and kidneys together 
with adjoined and adjacent structures not yet treated of. 

The lungs, however, are importers of oxygen (for the 
aeration of the blood) as well as excretory organs ; it is not, 
then, surprising that the external skin may assume that func- 
tion also, as in fact we found (when considering the circulating 
system) to be the case in Batrachians. 

The function of importing oxygen into the blood is per- 
formed in many animals by a set of organs of which no repre- 
sentative exists in man, and which, therefore, are not referred 
to in the Lessons of “ Elementary Physiology,” though they 
must occupy no inconsiderable portion of our concluding 
Lesson of “ Elementary Anatomy.” The organs ki question 
(mentioned in our P'irst and Tenth Lessons) are the gills, or 
branchicc. These are delicate processes of skin, richly supplied 
with blood and capable of absorbing oxygen, not by the 
decomposition of the water in which they float, but by the 
absorption of oxygen from the particles of air which are mixed 
up with and dissolved in that water. • Such structures, as might 
be expected, are only found in animals which live in or 
frequent water, whether fresh or salt, though nof all animals 
which frequent water have gills. 

Thus, in being destitute of branchiae, man agrees, not only 
with the whole of his class (including, of course, the Whales 
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and Porpoises), but with the Sauropsida also ; while in pos- 
sessing lungs he agrees with all Vertebrates, except Fishes, 
which with the exception of the Mud-fish {Lepidosiren) are 
destitute of true lungs. First, then, may be considered the 
lungs as they exist in man and Vertebrates generally. After 
that will naturally follow the consideration of gills, or branchiae, 
parts which in function answer to the lungs of man, though 
they have no resemblance in structure or mode of development. 



Fig 391.— The Heart, Grfat Vessels, an» Lungs. Front View 
A’ right ventncle ; left ventricle, I\A, right auricle; LA, left auricle 
Ao, aorta, AM, pulmonaiy .irtery , /’K, pulmonary veins; KL, right lung 
LL, left lung ; VS, vena cava superior; SC, subclavian vessels ; C, carotids 
R and LJ V, right and left jugular veins ; VI, venaxava inferior ; T, trachea 
8, bronchi/ All the great vessels but those of the lungs are cut 

2 . The LUNGS of man have been shortly described in 
the Fourth Lesson of “ Elementary Physiology ” They are 
two in number, one placed on each side of the heart, and 
(with it and the blood-vessels, air-passages, and oesophagus) 
fill up the entire cavity of the thorax. The lungs are 
attached, by their roots, to the two branches of the windpipe 
(hereafter to be described), and to the great vessels proceed- 
ing to and fro between the lungs and the heart. 

From this attachment each lung hangs down freely sus- 
pended in a short serous sac — the pleura — which closely 
invests it. This is the proper serous sac of the thorax. 
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The two pleurae line the right and left halves of the thorax, 
and are reflected over the two lungs at their roots respectively. 
In this way the two adjacent (inner) sides of the two pleurae 
traverse the thorax from behind forwards. They are not, 
however, m contact, ‘but separated by two interspaces termed 
mediastina. 

The anterior mediastinum contains the heart in its pericar- 
dium, as described in our Tenth Lesson, 

The posterior mediastinum contains the oesophagus, the 
aorta, the vena azygos, and the thoracic duct, together with 
the pneumogastric nerves. 



Fig. 392.— Transverse Section of the Chest, with the Heart and 
Lungs (each Lung invested with its Pleura) in place 

dorsal vertebra, or joint of the backbone ; Ao, Ao\ aorta, the top of its arch 
being cut away in this section; SC, superior vena cava, PA^ pulmonary 
artery, divided into a branch for each lung ; LP^ RP^ left and right pulmonary 
veins ; Br^ bronchi ; A’/,, LL^ right and left lungs; CZf, oesophagus. 

Each lung is conical in shape, and has a broad, concave 
base, which rests upon the diaphragm. The inner surface of, 
each lung is turned towards the anterior mediastinum, and is 
adapted to the convex* pericardium. 

The right lung is shorter and wider than the left, and is 
divided by two notches into three positions or lobes. The left 
lung has only a single notch and two lobes. 

Beneath the serous coat, each lung has a layei» of cellular 
membrane, mixed with much clastic tissue, which passes in 
between the minute air-tubes and air-cells, as described in 
§ 8 of the Fourth Lesson of “ Elementary Physiology.” 

In development the lungs first make their appearance as 
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two little bulgings (or sacs) from the ventral side of the 
oesophageal part of the alimentary canal. These little sacs 
afterwards elongate, and ultimately come to hang by a single 
and common supporting tube; 

At first simple in structure, they gradually acquire the 
complicated condition which subsequently exists. 

3. In the free suspension of the lungs in the thoracic 
cavity man agrees with all the other members of his class, 
but they may Idc fixed by cellular tissue to the dorsal side of 
that cavity, as in Birds and Chelonians. 

Similarly their enclosure in two pleurae is an exclusively 
Mammalian character. The lungs may, as in Batrachians 
and Saurians, hang into the general plcuro-peritoneal cavity, 
being completely invested (except at their roots) by the pleuro- 
peritoneal membrane ; or they may lie on the dorsal side of 
that cavity, as in Birds and Chelonians, being coated by the 
pleuro-peritoneum on their ventral aspect only. 

Instead of being confined to the neighbourhood of the 
heart, as in man and his class, the lungs may extend to 
nearly the most post-axial part of the abdominal cavity, as in 
the Ainphiuma and Siren, 

The lungs may each be single and undivided, as in Birds 
and Cetaceans ; or there may be as many as five lobes in 
the right lung (as in the Hamster and Marmot), and three in 
the left — or even six in the right and five in the left (as in the 
common Porcupine). Sometimes there is an azygos lobe 
proceeding from the right lung, and placed between the 
heart and the diaphiagm, as in Ornithorhynchus. This 
may exist when the lungs are otherwise undivided, as in the 
Elephant. 

The right lung may be twice as large as the left, even in 
man’s class, as in the Musk Deer and Porcupine. 

The lungs may be nearly equal in size, as in Frogs; Lhey 
may, on the other hand, be still more unsymmctrically deve- 
loped than in the Musk Deer, This is the case in Serpents 
and Ophiomorpha ; and one lung may be quite rudimentary, 
as in the common Ring Snake ; or absent altogether, as 
in at least some kinds of Viper. The right lung may be 
much smaller than the left, as in the snake-like Batrachian 
Gymnophiana. 

As regards the minute structure of the lungs, man agrees 
with the whole of his class. The substance of these organs, 
however, may consist, as in Birds, of fine tubes (the w'alls 
of which are minutely sacculated), given off at right angles 
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from other tubes, which again spring at right angles from the 
bronchi or primal y divisions of the windpipe. 

'I'he lungs may be cellular throughout their extent, while 
yet' the bronchi do not give off branches within them, as in 
Chelonia and Crocodtlia. 

They may be cellular only near their root, the more post- 
axial part of the lung being a simple membranous air-bag, as 
in Serpents. 

Part of the arterial blood, earned by the pulmonary artery, 
instead of going to the lung may be conveyed by small 
branches to the oesophagus, as in Menop07na^ Amphiuma, 
and Siren. 

Part of the venous blood of' the 
hmgs, instead of returning direct to 
the heart, may enter the veins of the 
trunk, as in Proteus. 

When there is an air-sac which docs 
not both receive blood directly from 
and return it directly to the heart — 

/.t'., when there is no true ptdmonary 
circulation — such an air-sac (whether 
single or double) is termed a swim- 
bladder, or air-bladder, and a struc- 
ture of the kind is found in most 
I'elcostean and in all Ganoid Fishes. 

A swim-bladder, however, may 
closely approximate to a lung, as in 
Ceratodus, where, though blood is 
not brought to that bladder directly, 
as in Leptdostren, yet blood is sent Fig. 393 — Diagkam of a 
directly to the heart by a pulmonary LobuiTof 7he Lonc.of a 
vein which opens into the atrium of Bird, greatly magnified. 
the heart, or chamber representing Thomas *iv a ita7ns ) 

the (as yet undifferentiated) am ides. 

The swim-bladder may present a great variety of conditions. 

Thus, it may be double and connected with the ventral part 
of the oesophageal portion of the alimentary canal by a short 
tube, the ductus pfieuitiatnus, as in P^Iypterus; or single and 
connected more with the ^idc of the same part, as in Cera- 
todus -CiwA Erythrinus. It may be connected with-thc dorsal 
part of the oesophagus, as in Lepidosteus and the Carp ; or 
with the cardiac part of the stomach, as in the Herring. 

The ductus pncumaticus may be long, narrow, and bent, as 
in the Carp ; or short, straight, and wide, as in Lepidosteus. 

H H 
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It may abort altogether in the adult (the swim-bladder thus 
becoming quite separate from the alimentary tube), as in the 
Cod, Perch, and ver> many others. 

In shape the swimming-bladder may bifurcate anteriorly 
as in Lucio-perca^ or posteriorly as in Acanthuriis j or it 
may be constricted towards its middle, as in the Carp ; 
or it may send out two blind processes on each side, 
as in Corvina; or a multitude on each side, as in Johnius. 
Finally, the swim-bladder may give out processes from 
each side, each process bifurcating dorsally and vcntrally, 
and each dorsal and ventral bifurca- 
^ tion again dividing and anastomosing 

vr^ with processes of the opposite side, 

3 the whole complex structure being 

invested by folds of the peritoneum. 
This maximum of complexity is ex- 
hibitcd by Calliclithys. 

It may be connected with the in- 
W ternal car, as in the Carp [Cyprinus) 
and Loach {Cobitis)^ by the intervcn- 
^ 0^ tion of small special ossicles analo- 

()# homologous with, the 

® (jtX auditory ossicles of man. In the 

W Loach the bladder seems chiclly 

wA /Uy related to some auditory function, as 

Wifi ll in extends to the third vertebra. 

^ I The cavity of the swim-bladder 

* I ™ may be simple, as is usually the Ccisc ; 

' it may be divided by septa, as in 

Fk. 3q4.-~AiK-BLAi)brR or Bamis ; it may, hnally, be so sub- 
yo/tuius hbaius divided into cells as to be like the lung 

of a Reptile, as is the case in Amin. 
Retia tfurabilia may exist in the swim-bladder, as in the Cod. 
Every representative of a lung may be absent, as in the 
Sharks, Rays, Pleuronectidce^ Marsipobranchii^ and Amphi- 
orus, in all of which there is no swim-bladder. 

The mechanism of aerial, pulmonic respiration, which exists 
in man, exists also in all Mammals — the diaphragm being 
their main agent in filling and emptying the lungs. 

The lungs, however, may be filled and emptied by alternate 
movements of the sternum towards and away from the verte- 
bral column. This is the case in Birds (F'ig. 76), where such 
movements are aided by the synovial articulations between 
the sternal and ver tebral ribs. 


FlO 3q4, — AlK-BLADbKR OR 

ruh 'J’l'LEosrf'AN Fish, 
yohuius hbaius 
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Analogous motions of the abdominal muscles and nbs 
.alternately dilate and contract the body-cavity, and so fill 
and empty the lungs — in Saurians and Serpents. 

In Chelonians, where the ribs are immovably fixed, and the 
ventral side of the body is covered with a solid exo-skeleton 
(the plastron), inhalation is effected by foicing air down the 
windpipe by an action analogous to swallowing. "1 he mouth 
being filled wdth air, the posterior nares and all possible 
exits are closed, except that leading to the lungs ; and down 
that exit air is forced by a contraction of the muscles of the 
throat. Exhalation is effected by means of muscular con- 
tractions at the most post-axial part of the abdominal cavity. 

In Batrachians (which are devoid of ribs, or have but very 
short ones) the respiratory movements are similarly effected, 
air being swallowed by contractions of the muscles of the 
throat, and expelled by those of the abdominal muscles. 
'J'hus to suffocate a Frog it is sufficient to keep its mouth 
open, 

4. I’he lungs of man communicate with the mouth and so 
with the external air, by means of a single ch.innel, the wind- 
pipe or iRAC'flKA ; which duides at its lower end into two 
branches, termed ijronchi, one bronchus going to each lung. 

'Fhe t 7 ‘achea is a straight, permanently open tube, com- 
mencing above at the lar>'nx (shortly to be desciibed). which 
IS. as it were, its expanded upper end. It descends, in the 
middle line, in front of the asophagus, to opposite the third 
dorsal veilcbra, wdiere it is crossed m front by the arth of the 
aorta, and bifurcates, dividing into the right and left bronchus. 

The trachea is formed of membrane strengthened by a 
senes of from sixteen to twenty horizontal cartilaginous rings, 
wdiich are not however complete behind, so that the hinder 
wall of the tube, being entirely membranous, is fattened, 
'The tube is lined with mucous membrane, and its wvall con- 
tains muscular fibres and cellular tissue, w'ith glands, \esscls, 
and nerves. 

The hj'onchi have the same structure as the trachea, except 
that the cartilaginous rings are shorter and narrower. There 
are from six to eight in the right bronchus ; from nine to 
twelve in the left. 

Within the lung the bronchi divide and subdivide, like the 
branches, branchlets, and twigs of a tree. These successively 
smaller and smaller tubes are kept distended by successively 
smaller and more delicate cartilages, which are no longer in 
the form of rings incomplete behind, but are irregularly- shaped 
H H 2 
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pieces of various sizes. The ultimate twigs are entirely mem- 
branous. The mucous lining of the tubes lines the ultimate 
air-cells themselves. 



Jlf, mouth. (7/, glottis, 7'r, trachea. left lung, AV., right lung: 

lironchus; FA, pulmonary artery. pulmonary \eins, Ao, aorta, D, 

diaphragm , //, heart , VC I, vena cava mfenor 


5. In that he hns a trachea, man agrees with all Mam- 
mals and Sauropsidans, and with the Ophiomorpha, Meuo- 
poma^ and Siren^ amonpt Batrachians. A trachea may, 
however, be entirely wanting, the lungs springing immediately 
from the larynx, as in the common Frog and Toad. It may 
be present, but short and wholly membranous, as in 
^alamandra. 

It may be much shorter relatively than in man in his own 
class (as e.g, in Whales), or it may be much longer, as in 
Ruminants. In Birds, however, it attains its maximum of 
relative length. 

In so far as the trachea of man is a straight tube, it agrees 
with that of all other members of his class, except the Three- 



XII.] the excretory organs. 469 

toed Sloth {Bradj'pus)j in which it is bent abruptly on itself in 
a single fold ; and with Reptiles, except some Crocodiles and 
Chelonians in which it is similarly bent. It may be still 
more bent, even coiled (as m many Birds), and the coils may 
lie beneath the skin, external to the pectoral muscles, as in 
Anas semi-palmata^ or sheltered in an excavation in the 
keel of the sternum, as in the common Crane and male ild 
Swan. 

In that there are two bronchi and no more, man agrees 
with the great majority of Vertebrates that possess a trachea. 
One bronchus, however, may abort with its appended lung (as 
m many Serpents), or there may be a third bronchus, as m 
Ruminants, the Hog, and Cetaceans. 

The rings of the trachea may be ossified, as in most Birds. 
They may be as few as three, as in the Dugong ; or as mai y 
as I iQ, as in the Camel ; or even 300, as in the Flamingo and 
the Boa. They may completely encircle the tube, as in Birds 
generally, and in the Horse (though in most Mammals they 
are incomplete behind, especially in Rodents). Some of 
the rings of the trachea may be incomplete in front, as in the 
Emeu. 

The trachea may increase in size downwards, as in the 
Turkey ; or it may present a more sudden enlargement before 
bifurcating to form the bronchi, as m the Merganser ; or two 
such enlargements, as in the Goosander. It may be divided 
by a septum extending from above downwards, as in the 
Penguin and Sphargis. 

A special structure may be developed (as in most Birds) 
at the junction of the trachea and bronchi. This is the synnx\ 
and is the organ of song in singing birds. It is also called 
the lower larynx, and is quite a different part from the true 
or upper larynx, shortly to be described. 

The syrinx is generally formed by the coalescenA or modi- 
fied shape of the lower rings of the trachea and the upper 
ones of the bronchi, the latter being incomplete internally, so^ 
that the sides of the bronchi which look towards each other 
are at their upper part merely membranous, forming the 
m'^mbrana tympaniformis. Internally the syrinx is generally 
divided by a bar of bone, from the fipper margin of which a 
delicate membrane ascends into the trachea, ending in a free 
concave margin, whence it is termed the meml>rana semi- 
lunaris. This highly vibratilc membrane, together with two 
elastic folds of mucous membrane, placed one on each outer 
side of the commencement of each bronchus, are the special 



470 ELEMENT AR Y ANA TOMY. [ less . 

agents of song. Their action is modified by special muscles. 
Generally there arc two paiis of muscles passing from tlie 
clavicles or sternum to the trachea ; and m addition to these 
may be five or six pairs of muscles pass- 
ing down from the trachea to the bron- 
chial rings. These additional muscles are 
present in singing birds, but also in many 
birds that do not sing, as the Raven. 

There may be no membrana semi- 
lunaris, and only three pairs of additional 
muscles, m birds highly gifted as to tlicir 
powers of emitting special sounds. Su( h 
is the case in the Parrots, where, howexer, 
the lateral clastic folds of membrane ai c 
developed. 

A A KN. ^ syrinx mav be formed by the trachea 

structures. only (without the interxentLon oi the 

bronchi), as m 'rhaninopJulus and Opetio- 
rky fichus^ w'liere the post-axial part of the trachea has delicate 
walls, and is flattened dorso-vent tally with six or seven d^ Ii- 
cate segments of rings, the rings being 
interrupted laterally. The additional 
muscles here pass from the part of the 
trachea above (pre-axial to) the syrinx 
to the tracheal ring beyond it. 

A syrinx may be formed in each 
bronchus (without the intervention of 
the trachea), as in Sfeaiornis, where 
more than ten rings in each bronchus 
may be counted before reaching the 
syrinx, and where a pair of muscles 
passes to each bronchus from the 
trachea. * 

lironchi may be absent together with 
the trachea, as in the common Frog 
and Toad. They may be absent though {A/tcr 'iZen ) 
a trachea is present, as in .J/Wv/. They „ 
may open at once into the lung, without mto .ur-^nc^ in tbt: two 
ramifying, as in Ophidiails. They may in onchi which are cut open 

, 1 1 • xc. • are seen the apertures of 

traverse the^lung, soon losing their car- ,he,r primary branches 

tilaginous rings, and having apertures 

in each side leading into the large pouch-like air-cells of the 
lungs, as in the Crocodile. They may similarly enter the lungs 
and lose their rings, but give off secondary branches at right 
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angles, these again tertiary ones in a similar way, as in Birds 
( 393)* N ot only, however, may the bronchi be thus 
arranged (instead of dividing like the branches and twigs of a 
tree, as in man and Mammals), but they may open at the 
suifacc of the lungs into large air-sacs, as in Birds. 

In Reptiles (amongst the Chameleons and Geckos) the 
lung may be drawn out, towards its post-axial end, into 
narrow prolongations which penetrate between the viscera. 
In Birds, however, there may be nine well-defined air-sacs, 
or greatly enlarged prolongations of the membrane of the 
bronchi. Two of these take origin respectively from the end 
of each main bronchus, and are the posterior, or abdominal., 
air-sacs. Four others are the pair of a 7 iierio 7 ' and the pair 
of posterior thoracic air-sacs. They lie in the thorax on the 
ventral surface of the lung, and spring from primary branches 
of the bronchi. The seventh and eighth air-sacs are the cci'vitai 
ones, ^ind lie outside the thorax ; the ninth air-sac — the inter- 
clavicular— is formed by the coalescence of what was at first 
a pair of sacs. 

Very generally some of these air-sacs are prolonged into or 
communicate with the air-cavities of the bones. This is es- 
pecially the case with the interclavicular, the cervical, and the 
abdominal air-sacs, but never with the thoracic ones. 

6. The LARYNX of man has been already noticed in the 
Seventh Lesson of Elementary Physiology,” 21-25. 

The Larynx is the expanded upper part of the trachea sus- 
tained by cartilages, more or less movable, of modified 
forms and special names, opening at the back of the floor of 
the mouth in front of the entrance to the oesophagus, and 
behind the tongue. 

The largest piece entering into the composition of the 
larynx is the thyroid cartilage^ which produces that jiromi- 
ncncc in the middle of the front of the throaty popularly 
known as Adam’s apple. It is formed of two plates, united 
along the middle hue in front, at an acute angle, but widely 
open behind. The hinder margins of these two plates SLvi* 
vertical and prolonged into a process both above and below. 
ICach of the two upper processes is connected by a ligament 
with the tip of the corresponding ^reat cornu of the h>oid 
bone, the body of which bone li,es over the front of the thyroid 
cartilage. The hyoid is connected with the thyroid by the 
thyro-hyoid membrane, and is situate at the root of the tongue, 
giving origin to the muscles forming that gustatory organ. 

* From ffvttcns, a shield, and 
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Each of the two lower processes of the posterior margins of 
the thyroid articulates with the side of the cartilage next to 
be described. 

This latter, the cricoid^ cartilage, forms a complete ring, 
deepest behind (where the thyroid is open), placed beneath 
the thyroid cartilage, and forming the uppermost ring of the 
trachea, with both of which parts it is connected by mem- 
brane. 

The arytenoid^ cartilages are two in number, placed side 
by side, at a little distance from each other, on the posterior 



Fig 398 — Diagram of the Larynx, the thyroid cartilage being <?nppns:5d to be 
transparent, and allowing the right arytenoid cai tilage {A r). \ ouil liga-Mcn' ( / >. 
and thyro aiytenoid muscle ( /Vi A ), the upper part of the cncoid c.irtilag*, (( ; ), 
and the attachment of the epiglottis to be seen CtU, the right ento 
thyroid muscle , Tr, the trachea , Hy^ the hyoid hone 

and highest part of the cricoid cartilage.' Each arytenoid 
cartilage is pyramidal in form, and at the apex of each is 
placed an additional and minute cartilage, called that of 
Santonni, 

The epiglottis'^ is a median, azygos cartilage, shaped 
somewhat like a leaf, placed m front of the upper opening 
of the larynx within the^thyroid cartilage and the cornua of 
the hyoid. It ends in a narrow termination below, where it is 
attached byjigamentto the depression at the front part of the 
inner surface of the thyroid cartilage. 

* From KpiKoj;, a ring, and tidoj;. 

From upi/T iiv'i, a sort of pitcher, and etA ir, 

3 From i-ni, upon, and tlxe apertuie of the windpipe 
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Finally, there are two more minute cartilages, called tliosc 
of Wrisherg^ each placed in the fold of mucous membrane 
proceeding, on each side, from the epiglottis to the top of the 
arytenoid cartilage. 

The true vocal cords are two bands of elastic tissue, one of 
which proceeds on each side from the middle of the thyroid 
to the base of the arytenoid cartilage. 

The false vocal cords are two folds of mucous membrane 
which similarly connect the thyroid and arytenoid cartilages. 

Both kinds of vocal cords have their free edges tinned in- 
wards, and between them is the glottis (or upper opening of 
the windpipe), the exact form and size of which is regulated 
by delicate muscles which move the parts of the larynx one 
on the other — especially the arytenoid cartilages on the cricoid 
- -as explained in the “ Elementary l^hysiology.” 

Between the true and false vocal cords there is (on eac h 
side) a depression termed a veiiincle of the larynx, and a 
small prolongation of this upwards on the inside of the 
thyroid is called a laryngeal pouch. 

7. In so far as man has a larynx at all he agrees with all 
Vertebrates above Fishes, and in its general composition 
man’s larynx agrees with that of other members of Ins class. 
Amongst Mammals, however, the laryngeal cartilages ma) 
be more or less ossified, as commonly in the Slow Lemurs, 
'rhe larynx may be very much larger relatively than in man, 
as in the Howling Monkeys {Myceles), where the thyroid 
cartilage may be three times the size of its human repre- 
sentative, wdnle the os hyoides is almost gigantic, and cxra- 
\ ated in such a way as to form a kind of thin bony bladder ; 
Us excavation being an enormous exaggeration of the slight 
concavity on the hinder surface of the human h>oid. The 
lateral plates and lamellae of the thyroid may meet together in 
the middle line behind (/ e. dorsally), as in the Ornithorhyn- 
chus. In contrast with this, the cricoid may be incomplete m 
front {l.e. ventrally), as in the Porpoise. 

The arytenoid cartilages may be exceeding!) prolonged 
upwards and united in the middle line, as in the last-men- 
tioned animal, where they become enclosed together whth the 
epiglottis in a sheath of mucous memT^rane, the whole forming 
a conical projection which is received into the posterior 
nares and embraced by the muscular soft palate. In this 
way the Porpoise can breathe securely w'hile the mouth is full 
of water, or while food is passing to the a'sophagus oh either 
side of the dorsally prolonged larynx. 
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The cartilages of Santorini may be confluent in the middle 
line, as m the Hedgehog and Ptcropus. 

The cuneiform cartilages (of Wrisbcrg) may be more de- 
veloped than in man, as m the Bear and Dog. 

An extra, interarticular^ cartilage may be developed be- 
tween the bases of the arytenoids and the cricoid, as in the 
Hedgehog. 

Vocal cords may be wanting, as in the Porpoise, or the 
upper cords alone may be obsolete, as in the Sloths and 
Armadillos. A median air-sac may be developed between 
the cricoid cartilage and the first ring of the trachea, as m 
A teles. 

The ventricles of the larynx may be greatly dilated and 
prolonged upwards so as to come into contact above, and at 
the same time there may be a pair of extra sacculi opening 
between the arytenoid cartilages and the glottis, while with 
these may coexist a median sac, filling an enormously ex- 
panded os hyoides. Such is the case in the liowling 
Monkeys (Mycetes). 

A median air-sac may be developed from the thyro-hyoid 
membrane beneath the epiglottis, extending over the neck 
and to the armpits, as in some Semnopitheci and Cyno- 
ceph ili. 

There may be, as in the Siamang Gibbon, a globular air- 
sac communicating with the larynx by two apertures in the 
thyro-hyoid membrane. 

The ventricles of the larynx may be distended into 
enormous air-sacs, stretching over the chest, reaching to 
the armpits, and sometimes opening one into the other in 
the middle line of the body, as in the adult Gorilla, 
Chimpanzee, and Orang. 

When we descend below man’s class we see that the larynx 
may be niuch more, or but little more, imperfect in stiucture 
than It is in any Mammal. 

Thus, in Birds we find thyroid, cricoid, and arytenoid 
structures, bony or cartilaginous. There may also be in some 
cases, as e,g. in the Swan, an epiglottis, but this is very rare. 
More often an epiglottis-like process of the thyroid may be 
developed. The cricoid may be represented by three pieces. 
Vocal cords are always wanting. The thyroid has often 
transversely extended fissures, or defects of solidification or 
ossification, probably related to the formation of this structure 
by the eoalescence of primitively distinct rings or arcs. 

Passing below Birds we find that both the thyroid and 
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cricoid cartilages may be represented by a single circular 
cartilage with arytenoid cartilages annexed, as in the Croco- 
dile. This circular cartilage may present defects of solidi- 
lication like those just spoken of in the thyroid of Birds, as 
is the case in many Lizards, An essentially 

« 4 similar structure may be greatly prolonged, 

as in many Serpents (t'.g. Crotalus and Hydro- 
phis)^ where we find two elongated lateral 
bands connected by numerous transverse 
bars which are separated from each other 
by membranous interspaces. Arytenoid 
Fu Larynx cartilages may be distinct or may be mere 
ANi)\jri'KR PART prOCCSSCS. 

OK 'J'HAcuiiA OK 'fhc siiTiplest form of larynx seems to be 
t(:ro^taiiis^tor)Z of Protcus, where there are only two 

t/us) * Front (t.c. slender elongated cartilages (the anterior 
veutt.ii) aspect ends of which appear to rcpre 5 .ent the aryte- 
{After Hiuie) noids)' placed one on each side of the slit- 
‘ . /and ]\\rQ glottis, whioh opens in the middle of tlie 

g-, niusclcb of Id." ° , L - , \ 

ry„v. ventral wall of the pharynx. 

A median air-sac may protrude anteiioily 
fiom the front of the larynx 
between the first ring of the % 

trac hea and the conjoined thy- f' ^ 

lo-ciicoid cartilage. Such is ^ '1^^- 

the case in the Chameleon. f v 

8. As has been said, respi- 'i 

ration may be effected by i K 

means of the air contained in ^ | i' ] 

water— /.z'. by AQUATIC RKSPI- 1 ijlj jj 

RA'riON. For this purpose the I ||1 41 

animals which so respire do 1 /|||, |jf 

not ordinarily take water into j W 

aquatic lungs as the air-breath- / i' 

ing Vertebrates take air ; but ^ 

blood is copiously brought to Ed"'' 

a surface specially exposed to a ^ ^ .j,. two 

flow of water almost constantly cartilages . 7', its tracheal part : 
maintained by one process or bTanchial arch , M, muscle going 

from the branchial arch to the 

another. 

It may be that this flow is 

effected by the action of vibratile cilia" propelling the water 
through numerous perforations in a greatly enlarged pharynx, 

* For a description of cilia see “ Elementary Physiology/' Lesson VII. § 3 


Fig 400 — Tkachhai Siructurf 
OF ProteuSy opened from behind 
A , arytenoid part of each of the two 
cartilages , 7', its tracheal part : B. 
bTanchial arch , Af muscle going 
from the branchial arch to the 
larynx. 
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as is the case in the Lancelet. This, however, is a solitary 
exception. In all other cases the water is mechanically 
propelled by muscular contractions, and so made to pass over 
delicate filaments or sheets (lamellae) of membrane attached 
to a greater or less number of the visceral arches. 

" We may have (as in Myxine and in Bdcllostoma) the gills 
in the form of a folded lining to six or seven pouches placed 
in a linear series on each side of the body, each pouch com- 
municating with the interior of the oesophagus by an aperture, 
and thence receiving water. Each sac may open on the 
surface of the body by a separate aperture (as in Bdellostouui 
and in the Lamprey), or each sac may open into a tube 
running along each side of the body external to the sacs, and 
terminating by an aperture placed far back on the \entral 
surface of the body (as in Myxdne). In the latter case the 
water coming from the sacs passes out at one aperture on each 
side of the body. 

The sacs may open internally, not into the oesophagus but 
into a median canal placed ventrally to the oesophagus (as in 
the Lamprey). This canal ends blindly at its post-axial end, 
but pre-axially opens into the mouth by a valvular aperture. 

These gill-sacs are not supported by solid visceral 
(branchial) arches internally, but may be, as in the Lamprey, 
protected externally by a cartilaginous framework or basket, 



Fig 401, —Skeleton' ok Head and Gills of Lamprey. 

lander part of the external (paraxial) t artilaKinous skeleton of the Rills; 
auditory capsule , //, hyoid ; «, neural arthes ; paluto-quadratc arch. 

which, as we saw in Lesson VI., is a paraxial, skeletal 
structure. 

The several gill-sacs 'are separated from each other by 
partitions which are not solid, cartilaginous structures. 

The gills may be supported internally by solid (osseous or 
cartilaginous) branchial arches,’^ which, as we have seen in 
treating of the skeleton, are those visceral arches which suc- 
ceed the hyoidcan and mandibular arches post-axially. 
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The branchial arches of osseous Fishes are made up of 
parts to which special names have been applied. They are 
attached to a median ventral series of pieces termed dasz- 
branchials. The lower piece of each lateral arch is called 



Tk. 402 — P iRST Thrkf Branchial Arc hi s 1 rom t iif Llft Si of of a Perch. 
Oti ihe outer (convex) side of each branchial arch the senes of closely-set gill 
hlaments (or leaflets or lamer®) arc seen to be aitached On the inner (con- 
ca^e) side of the first branchiil arch ate the senes of elongated processes 
(supporting minute dentu les) which help to pi event partules of food, 01 other 
ion-ign bodies, passing from the mouth to the gnl chamber. 


a Jiypo-braziihial ; to this succeeds a ceraio-branchial, then 
an epi-branchial, and finally, at the summit, a pharyngo- 
branchial. These solid, supporting parts are not constantly 
or equally developed in all the branchial arches, as is shown 
by the annexed woodcut of these arches as they exist in the 
Perch (Fig. 403). 

The partitions between the gills may extend from this 
solid internal support, outwards to the skin- as in the Sharks 
and Rays. In such case each gill-chamber opens separately 
on the side of the body. 

The pjirtitions may, however, extend but a ver^ little wa)' 
from such solid internal support, outw^ards to the skin, while 
the vascular gill-membrane remains elongated, and conse- 
quently hangs freely from the outer side of each branchial 
arch. This latter condition is that which obtains in ordinary 
osseous Fishes, e.g. Perch, Carp, Cod, &c Here we find but 
one large common chamber in wBich the filamentary gills 
float, but this chamber is protected by the extension back- 
wards of a fold of skin (the opercnliini) supported internally 
by the opercular bones ; and thus there comes to be in 
ordinary Fishes but a single large gill-opening on each side 
behind the head. 
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The gill-chamber is further protected by a membranous 
fold which lies within the opercular flap. This fold is the 
branchiostegal membrane, and is supported by the bran- 



Frr: 403 . — Lkft Branchiai Archfs of Pkrch {After Cuv^r ) 

1, ?losso-hyal : 2, 3, and 4, basi-branchials , 5, hypo-branch ials ; 6, cerato bran- 
chials , 7, epi-branchlals ; 8, styhform pharyngo branchial , q, pharyngo-bran- 
chials , 6"", inferior pliarynge.il bone, q' and 9", snpenor pbaiyngcal bones. 
5, 6, 7, .ind 8, first branchial arch , 5', 6', 7', and 9, seco.ul branchial .Trch ; 5", 
6", 7". and 9', third branrhi.il .treh , 5", 6'", and 7'", fourth branchial arch , 
6'"', fifth branchial arch (inferior pharyngeal bone) 

chiostcgal rays, which (like the membrane itself) arc attached 
to the post-axial side of the hyoidean arch. 

Tlie respiratory surfaces of the gills are supplied with 
water by the mouth, which continually takes in fresh supplies, 



Fig 404 Skucl and Brakciuai. Akcurs of a Shark 
P branchial arches , A, hyoidean arch; w, mandible : palato-quadratc arch 
(From the Colie^e of Surgeonf Museum ) 

such supplies passing out, in the osseous Fishes, from the 
common opening behind the operculum ; and, in theEIasmo- 
branrhs, from each separate aperture of the successive gill- 
chambers. 
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In the Tenth Lesson has been already described the mode 
in which the blood is brought to the gills from the heart, and 
from the gills to the general circulation, as also the changes 
which, in Batrachians, accompany the disappearance of the 
gills during the developmental metamorphosis. 

The blood is carried in osseous Fishes {e.g, the Perch) 
along the convexity of each branchial arch both to and from 
the gill-filaments, the margins of which arc skirted by 
arterial and venous branches, capillary vessels being inter- 
posed between them. 



F/C. 405 — Two LaMJ LI T' (or I KAFI-Eis) FROM THF GlI I S OF / N S FiSI 

showing the course of the lespiratory cnculation 

Sy cut surface of one of the branchial arches. On its uppei side is seen a concavjt 
wiilch IS produced hy the section of the groove which luns along the convc 
and exterior (here ujiper) side of each branchial arch, briy branchial .irUry 1 
section, giving off the gill-arterics to the adjacent sides of tfce gill-leaflet’ 
whence the lilood is v.nstribuicd in the leaflets , the gill-veins winch ru 
along the outer side of the gill-leaflcts, collecting the blood from them b 
muiute veins and pouiing it into bv^ the branchial vein, which runs down th 
groove of the branchial arch and has the branchial artery superficial an 
extenor to it 

Gills which are at first conspicuous but mostly disappear 
ultimately, are termed external branQhtce, Such are absent in 
almost all adult Fishes, though often present in the young con- 
dition, e.g. in young Sharks. In Batrachians, siicbas the Tad- 
pole, they also disappear and give place to internal gills ; but 
in some forms, c.g. Axolotl and Meftobranchtis, they persist 
throughout the whole of life as long plume-like appendages 
placed on each side of the neck. 
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Special respiratory structures may be added, as e.g, in the 
climbing Perch {Anabas\'^\i<^xit the summits of the branchial 
arches — or epipharyngeal bones — become enlarged and 
curiously contorted to support an extension of vascular 
mucous membrane. Again, in Saccoh'anckus and Amphi- 
pnous, we find, by a very remarkable exception, a long 
lung-like sac (with a highly vascular internal surface) 
placed on each side of the body, and communicating with 
the mouth by an aperture placed between the first branchial 
arch and the hyoid. These organs receive blood from the 
aortic vessels coming from the heart, and transmit it to the 
dorsal aorta. 

There may be six or seven branchial sacs, as in the Shaiks 
Hexanchtis and Heptanchus, On the contrary, not only may 
the fifth branchial arch be devoid of a gill, as in all the Teleoste', 
but even the fourth gill may disappear, and indeed only the 
second gill may be left, as m Aniphipnons. 

Sometimes, as in Lepidoi>teus and the Sharks, the hyoidean 
arch also supports a gill. 


TT/ 



The I ultieys : ureters(i7r) , with the aorta M/?), and vena cava inferior 

.-^nd the renal arteries and veins. Bl is the bladder, the top of which is cut 
olf so as to show the openings of the ureters (i, i) and that of the urethra ( 2 ) 

9. The general appearance, position, structure, and func- 
tion of the KIDNEYS m man have been already noticed in 
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the Fifth Lesson of Elementary Physiology/' § 6. Here it 
may be added that the true kidneys are not the primitive 
urinary organs, but that the first-formed structures of this 
kind are what are called the Woolffian bodies — or primoidial 
kidneys. These Woolffian bodies are formed one on each 
side of the line of attachment of the alimentary canal to the 
spine. They appear very early, each as a series of trans- 
versely extended tubuli, and on the outer side of each is a 
duct which extends post-axially and enters that primiti^'e 
chamber at the hind end of the body (the cloaca) into which 
the termination of the alimentary canal also opens. 

The kidneys arise behind the Woolffian bodies, and inde- 
pendently of them ; and the ducts which pass from the kidneys 
(the ureters) also terminate, independently of the termination of 
the Woolffian ducts, in the same primitive chamber common 
to the alimentary and urinary systems. 

The Woolffian bodies are gradually absorbed, and disap- 
])ear as the kidneys become developed. 'I he latter organs 
arc at first smooth and oval, but soon become divided, each 
into about fifteen lobes. These subsequently coalesce, but 
even at birth the kidney shows signs on its surface of its 
previous lobulated condition. 

10. In that man possesses distinct urinary or RKNAL 
ORGANS, he agrees with all Vertebrates, with the single 
exception of the Lancelet, in which such parts have not 
been yet certainly determined. 

In that Woolffian bodies are formed, man agrees with all 
other Vertebrates with the exception just referred to. 

In that Woolffian bodies are subsequently replaced by true 
kidneys, man agrees with all Mammals and all Sauropsi- 
dans ; but it may be that Woolffian bodies persist, and by 
themselves alone constitute the renal organs through the 
whole of life, in Ichthyopsidans. * 

The renal organ may exist as a very elongated body made 
up of a scries of bodies analogous to Malpighian corpuscles,'^ 
connected at short intervals, as in the Myxinoids. 

The urinary gland may extend on each side from the head 
to the opposite end of the abdominal cavity, as in the Stur- 
geon, and the ureters may join together before their termi- 
n,ation, as in the same last-mentioned animal. 

The two urinary glands may blend together behind the 
pharynx, as in many osseous Fishes ; or at their posterior 

* For a description of these corpuscles see the Fifth Lesson of “Flementdry 
Physiology,” §9, Fig. 27. 

1 1 
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end, as in Proteus ; or for their entire length, as in the 
Spoonbill. 

Their surface may be marked by convolutions like that of 
the human cerebrum, as in Sharks and Chelonians. 

The opening of the ureters may be placed behind the pos- 
terior termination of the alimentary canal. This is the case 
in osseous Fishes, and consequently a true bladder must be 
wanting in them. Each ureter may, however, dilate into a 
large bladder-like structure, as in A mia, or there may be a 
single, median vesicle. It is possible for several distinct 
urinary ducts to open into this vesicle, as in the Stickleback. 

Every sort of bladdcr-likc structure may be absent, as in 
Cobiiis, and* in all Serpents and Birds. A true bladder may, 
however, be developed in Ichthyopsidans, as in the Batra- 
chia, where it is placed in front of the termination of the 
alimentary tube and of that common chamber (the cloaca) into 
which that tube opens, as well as the bladder or rei ducts. 

The right renal organ may be much longer and placed 
more forward than the left, as in Serpents. 

The ureters may open, not into the bladder, but into the 
cloaca, as is the case in the Monotremes, or OrnithodelpJiia^ 
and in Reptiles. 

These ducts may terminate (in the cloaca) behind the 
alimentary canal, or may come rather to the side, and in 
the Ornithodelphia rather towards the front of the cloacal 
chamber. 

These circumstances may serve to explain the difference 
between the position of the alimentary and urinary outlets in 

man’s class, and the situation 
of those apertures in osseous 
Fishes where the aliment;ny 
outlet, is anterior. The modi- 
fication by which the urinary 
outlet comes to be anterior docs 
not result from any change 
in the position of the termi- 
nation of the alimentary tube, 
but in the gradual production 
forwards, on each side of it, of 
the ureters, till they come in non-Ornithodelphous Mammals 
to end (through the intervention of the bladder and urethra) 
in a canal opening altogether in front of the rectal aperture. 

The kidneys may be more symmetrical in position than 
in man. This is the case in most Birds, where they are 



Fio 407.— Kidney of thf. Seal 
[Phnca\ showing its lobulated 
condition • 
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imbedded in the depressions of the under surface of the 
sacrum, which is so expanded in the entire class Aves, 

A condition of the kidneys analogous to that which at an 
early period exists in man, may not only persist throughout life 
in other animals, but may be much more complete, as in the 
Seals and Cetacea, where the kidneys are so divided into small 
lobes as to resemble a bunch of grapes. As many as 200 
lobes have been counted in the Dolphin’s kidney. 

11. Two small glandular bodies, of unknown function, 
called SUPRA-RENAL CAPSULES, are placed one on the 
summit of each kidney. Each capsule is a flattened, tri- 
angular body, and shaped something like a cocked hat. It 
is formed of cellular tissue, often mixed with much fat, and 
provided with a fibrous coat which sends processes into the 
interior of the gland, these processes accompanying blood- 
vessels and nerves, which are numerous. 

These organs exist in all the members of man’s class, and 
in a general way resemble his in position and foirn. They 
are relatively largest in Rodents, as in the Coypu and Por- 
cupine, where they are cylindrical in form. 

They are relatively smallest in the Cetacea amongst Mam- 
mals, where, as also in Seals, they exhibit alobulated exterior 
like that of the kidney itself. 

• In Birds these organs are relatively smaller, being in the 
Goose only about the size of a pea. They also vary more 
in shape in Birds than in man’s class, and sometimes become 
confluent. They are usually, in Birds, placed on the inner 
side of the kidneys. 

The supra-renal capsules may be in the form of a single, elon- 
gated, narrow, lobulated body, situate behind the renal organ, 
as mostly in Sharks ; or may appear as a yellow streak on the 
ventral aspect of the urinary gland, as in the Frog ^id Toad. 

Each supra-renal capsule may be divided into a greater or 
less number of lobules, as in some Urodeles, the Sturgeon, 
and many Fishes. 

12. The SPLEEN of man has been noticed in the Fifth 

Lesson of ‘‘Elementary Physiology,” §28. It is a ductless 
body, of irregular and variable shape, richly supplied with 
blood-vessels, and lying beneath the diaphragm at the car- 
diac end of the stomach, • 

In the possession of a spleen man agrees with all other 
Vertebrata, with the exception of the Lancelot, and possibly 
also with the exception of the Marsipobranchii.^ Lepidosiren^ 
and Ceraiodus, 
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This organ may be relatively much larger than in man, 
and consist of two lobes, as in the Ornithorhynchus ; it 
may consist of three lobes, as in the Echidna. Occasionally in 
Rodents a small detached accessory spleen may be developed, 
and there are constantly accessory spleens in the Sturgeon, 
the Dolphin, and Narwhal. 



the aorta , D, a pillar of the duphrae^m , PD, the pancreatic duct exposed liy 
dissection in the substance of the pancreas , Dm, duodenum , BD, the Innaiy 
duct opening into the pancreatic duct at the intestinal vessels. 


13. The THYROID GLAND of man is a soft, reddish, and 
very vascular body, embracing the trachea in front, and 
ascending to the larynx. It has no duct, and is of a more 
or less semilunar form, with two lateral Ioffes^ united by an 
isthmus. ‘ It is covered by the sterno-hyoid, sterno-thyroid, 
and omo-hyoid muscles. 

In that man develops a thyroid gland he appears to agree 
with all Vertebrates except the Lancelot. 

This body may consist of two completely divided lateral 
halves, placed each on one side of the trachea and larynx, as 
in Birds, Batrachians, Monitors, the Llama, the Otter, the 
Mole, and others, and as even in the Orang. It may consist 
of one unclivided body, as in Cetaceans. 

It may be represented (as in Birds) by small rounded or 
elongated bodies, very vascular, placed beside the trachea, 
above the syrinx, and closely connected with the carotid or 
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vertebral artery, or both. It may lie between the diverging 
carotids, as in Python and Chelonia, or on the carotids, close 
to the basi-branchials, as in the Frog. It is thus generally 
connected with the primitive arteries to which the aorta 
gives rise. 

14. The THYMUS GLAND of mail is but a temporary struc- 
ture, which disappears in the adult, and is at its maximum of 
size at about the end of the second year. It is then long and 
narrow, and placed partly in the chest and partly in the neck 
(between the sternum and the great vessels), and having the 
appearance of a ductless gland. It is irregular in shape, 
with a considerable internal cavity, but it is more or less com- 
pletely divided into two elongated lateral lobes ^ which taper 
upwards. At birth it measures about two inches in length. 

In that man develops a thymus gland he agrees v\ith air- 
breathing Vertebrates generally. 

It appears to be wanting in Pf'ofeus and Siren^ and to be 
developed in the Tadpole of the Frog only w'lth the develop- 
ment of the lungs, disappearing again in the adult, and being 
transformed into fat. It is often, as in the Frog, a double 
gland — one on each side. In the Chick the thymus soon 
aborts^ but is present, when the animal is a week old, as two 
hollow tubes placed one on each side of the neck. 

•The thymus may be broad and flat, covering the thyroid 
sternally, as in Iguana. It may send up, on each side, a pro- 
cess within the angle of the mandible, and may so fonn a 
large mass beneath the skull, as in the Calf. 

15. The CUTANEOUS GLANDS of the human body are 
insignificant in size, with the exception of that special agglo- 
meration of them which constitutes the MAMMARY GLAND, 
or breast. 

They are of two kinds— sebaceous glands and sudoriferous 
or sweat glands. • 

(1) The sebaceous glands (noticed in Lesson V. § 32 of 
the “ Elementary Physiology ” ) are each a cluster of small 
secreting tubes placed in the dermis, and discharging their 
fatty secretion, by a small duct, usually into the sheath or 
follicle of one of the hairs. 

(2) The sudoriferous glands (ncfticed in Lesson V. §16 
of the ‘‘Elementary Physiology”) consist each of a fine 
secreting tube, coiled up into a ball, placed 15 eneath the 
dermis, in the subcutaneous tissue, and pouring out its con- 
tents by a delicate convoluted tube opening by a pore on the 
surface of the epidermis. 
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They are placed in different degrees of proximity on dif- 
ferent parts of the body ; and it is said that there may be 
400 or 600 in a square inch of the skin of the back, or even 
2,800 in a square inch of the palm of the hand. 

In size they may be about 7*2 i^ch in diameter, but 

they may also attain to one-sixth of an inch in the axilla, or 
armpit. 

In man there are no great special aggregations of cutaneous 
glands in certain regions, but we find many and various such 
aggregations in species of his own class. 

Thus there may be an aggregation of such glands open- 
ing into an inverted fold of skin in front of the eye, as in 



Fic. 409— Section of the Skin, shc»winc. the Sweat Glands. 

a^ the epider^pis , its deeper layer, the rete Malpigkh ; the dernus, or 
true skin , /*, fat cells , g, the coiled end of a sweat gland , k, its duct , /, its 
opening on the surface of the cpiUermn. 


many Ruminants, €,g, the Indian Antelope and the Deer, 
where the gland opens externally in a fissure near the front 
angle of the eve, and is lodged in the lachrymal fossa before 
referred to in Lesson II h § 28, p. 118. 

A similar structure may be placed in the occiput, as in the 
Camel, or behind the ear, as in the Chamois. 

There may be a large gland in the temporal region open- 
ing between the eye and the ear, as in the Pllepbant. 

There may be a series of glandular structures on each 
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flank, as in the Shrews ; or there may be a glandular sac 
opening near the armpit, as in the Bat Cheiromeles. 

There may be a gland in the sacral region of the back, 
opening by a median orifice like a dorsal navel, as in the 
I*eccari. 

There may be a gland in each groin, as in the Corinne 
Antelope, or placed more medianly and post-axially, as in 
the Musk Deer, where the sac may be three inches broad. 

Scent-glands may open at or near the post-axial termina- 
tion of the intestine, as in many Carnivora, the Skunk 
and Hyaena. In the higher division of mans order (the 
Apes) there are no such glandular structures, but in the 
Lemuroids (e.g. Chetromys) there may be a shallow pit-like 
gland on each side of the end of the alimentary tube. 

There may be a scent-gland in the tail, as in the Desman 
and the Fox, or near the arm, as in certain Bats {Emballonida 
and Saccopteryx)^ where there is a glandular sac in each 
wing-mernbrane. 

A glandular structure may open behind the foot, as m the 
Rhinoceros, or in front of it, between the toes, as in the 
Sheep. 

We may find (as in the male Ornithorhynchus and 
Kchidna) a large gland placed in the leg, and furnished 
w^h a long duct which passes to the heel and there traverses 
a perforated spur like the poison-fang of a Serpent, though it 
docs not seem to poison, or even to be used for defence. 

In descending below man’s class to Birds, we find a 
peculiar cutaneous structure, the uropygial glandp consist- 
ing of two parts conjoined, and in the Swan measuring an 
inch and a half in length. It is placed upon the more post- 
sxial caudal vertebras and ploughshare bone, and opens on 
the skin, where it discharges a greas> fluid to lubricate the 
feathers. • 

Another glandular structure is present in Birds, the BNna 
Fabricii. This is a conical cavity which opens into the post- 
axial region of the cloaca. It is placed between the ureters, 
on the ventral aspect of the sacrum. 

In Reptiles we may find other structures. Thus there may 
be, as in the Crocodile, a musky glatid inside the mandible ; 
or beneath it, as in the Indian Tortoise. There may be a 
glandular fossa opening into the dorsal aspect of *1116 cloaca, 
as in the Terrapins ; or a pair of elongated sacs opening 
beside the post-axial termination of the intestine, as in the 
common Snake ; or a pair of glandular depressions of tlie 
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skin placed one on each side between the eye and the nose, 
as in Cro talus. 

There may be a series of glands in each thigh, with a 
row of conspicuous openings, called fetnoral pores,, on its 
inner surface, as in very many Lizards {Lacerta,, Monitor,, 
&c.), or in the armpit, as in Iguana,, or in front of the cloaca! 
opening, as in Hysteropus. 

We may find {e,g, in the Chameleon) cutaneous structures 
termed chromatophores, which are little sacs containing 
pigment of various colours, and each with an aperture which, 
when open, allows the colour contained to appear, and when 
closed conceals it. It is by the various contractions of these 
sacs that the Chameleon effects those changes of colour for 
which it is celebrated. 

It is in the next lower class, Batrachia, that we find the 
cutaneous glands carried relatively to their maximum of 
development. 

They may be aggregated in a mass behind the eye and 
above the tympanum on each side, forming the so-called 
“ parotoid ” glands, as in the common Toad. 

Theie may be a similar structure on the arms, as in Ptlo~ 
bates, or on the upper side of the leg, as in Bnfo Calamiia. 
'fhe whole skin of the back may be of this nature, as in 
KalopJirynus, or these glands may be localised m two longi- 
tudinal series, as in Salamandray where they extend from 
the head to the end of the tail. Their secretion may be more 
or less acrid, as in the last-named genus and in the Toad. 

It is not certain that true cutaneous glands, homologous 
with those of higher Vertebrates, exist in the class of Fishes. 
This is remarkable, seeing the very great development they 
attain in the Batrachian class of Ichthyopsidans. 

Nevertheless, a copious mucus exists on the skin in Fishes, 
and notably in the Eel. This escapes from the deeper 
structures through minute orifices, but is by some naturalists 
considered to be rather itself a modified epidermis than a 
true cutaneous secretion. 

In most Fishes there is a complex system of special 
canals, the nature of which has been commonly deemed 
excretory, but is now Considered to be rather sensory m 
function. These canals are usually disposed symmetrically, 
and are filled with a clear gelatinous substance. They con- 
stitute the “ lateral line,” the passage of which modifies and 
marks the scales it traverses, and is thus useful in zoological 
classification— the lateral line forming a more or less con- 
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spicuous mark running antero-posteriorly along each side of 
the body and tail of most Fishes. 

That special modification of the cutaneous glands called 
the MAMMARY GLAND, or breast, is peculiar to man’s class, 
which from this circumstance alone bears the name of 
Mammalia, 

These glands may be devoid of a nipple, as is the case in 
the Ornithorhynchus and Echidna, or the nipples may be 
very long, as in Marsupials. There may be as many as 
twenty-two glands, as sometimes in 
Centetes; or ten, as in the Hedgehog 
and domestic Sow. 

There is never one nipple only, 
though very rarely their number 
may be odd, as in some Opossums. 

The glands may open into a little 
depression, or sac, formed during 
their functional activity, as in the 

Echidna. , Fig. 4io--Marsi.piai Pou 

They may be placed inside a of an Opossum {Dmeiphys 

permanent cutaneous pouch, as in efevTn^mppit^s 'w 
Marsupials. these eleven teats being me 

In that group there may be four dian m position 
ifipples, as in the Kangaroo ; or 

eight arranged in a circle, as in Phascopale pemcillata ; or 
four on each side and one in the middle, as in Didelphys 
(lorsigera ; or six on each side and one in the middle, as in 
the Virginian Opossum. 

These glands may be placed nearer the middle line of the 
back than that of the belly, as in the aquatic Coypu Rat ; 
or near the armpit, as in Pteropus, 

There may be two pectoral mammm in animals remote 
from man’s order, as in the Elephant, Sloths, and Sirenia. 

The Sirenia from this circumstance, together with their 
rounded heads and fish-like tail, probably gave rise to the 
belief in the existence of Mermaids. 

There may be but two mammary glands, each opening in 
a depression and placed quite at the hinder end of the belly, 
as in Cetaceans. * 

In Ruminants we have posteriorly situate glands with 
teats forming an udder,” 

In man’s own order we find, in the Ape, but two pectoral 
mammec ; but amongst the Lemuroids there may b‘e only a 
pair of ventral (inguinal) glands, as in Cheiromys ; or a pair 
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of inguinal and also a pair of pectoral ones, as in Tarsiui> ; 
or two pairs of pectoral mammary glands, as in Galago, 

Each teat is traversed by a single efferent canal m Rumi- 
nants, Pigs, and Cetaceans ; by two in Horses and Apes ; 
by five or six in some Rodents and Carnivora ; and by more 
in the Elephant, Sirenia, Marsupials, and higher Primates. 

As has been said, mammary glands are confined to man’s 
class : the only faint adumbration of such organs, outside his 
class, is to be found in Pigeons, where the crop secretes a 
milky fluid (during the breeding season) which mixes with 
the food taken into that receptacle — the mixture seiving as 
food for the young. It has also been asserted that gland'^ 
lining the pouch of the Fish Hippocampus a nutritious 

fluid useful to its progeny. 

i6. Having now completed our elementary investigation 
and exposition of the various organs and parts which make 
up man’s body, and having noted the more important dif- 
ferences which the corresponding structures may present in 
other Vertebrate animals, it may. be well shortly to re- 
capitulate some of the leading distinctions in a different 
sequence and arrangement, in order to bring out more 
clearly not only the peculiarities, but also the affinities 
evidenced by various anatomical relations between the bod\ 
of man and those of other Vertebrates. " 

In the first place MAN differs from the entire class of 
FISHES in the following points ; — 

(1) He has a skeleton the appendicular parts of which 

are divided into upper-arm, fore-arm and hand, and 
thigh, leg, and foot, respectively. 

(2) His hyoid is a small structure with one pair of cornua 

instead of several branchial arches. 

(3) Hisf 'skull is formed with a large basi-sphenoid but no 

para-sphenoid ; with a large squamosal confluent 
with a “ petrous bone and with a mandible 
formed of two united pieces directly suspended 
from the squamosal. 

(4) His auditory ossicles are minute, and take no part in 

suspending the mandible. 

(5) His ribs, articulated dorsally by head and tubercle, are 

connected on the ventral side with a sternum. 

(6) His vertebrae have at first terminal epiphyses. 

ii) He has a pelvis formed of two ilia, two ischia, and two 
pubes united dorsally to a sacrum. 
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(8) His coccygeal region is rudimentary. 

(9) His skin is furnished with hair. 

(10) The muscles of his limbs are numerous and complex. 

(11) His cerebrum is excessively large, with a corpus cal- 

losum, and his corpora quadrigemina are very small. 

(12) He has distinct hypoglossal nerves, which perforate the 

occipital. 

(13) His olfactory nerves traverse a cribriform plate. 

(14) His ear has a spiral cochlea, a tympanic membiane, 

and an Eustachian tube. 

(15) His posterior nares open far back within the mouth. 

(16) His tongue is large and fleshy. 

(17) He never has gills at any time of life. 

(18) He breathes by lungs from his birth. 

(19) His heart has two auricles and two ventricles. 

(20) All the blood of his body passes through the lungs. 

(21) There is no communication, in the adult, between the 

veins and arteries, save by the capillaries. 

(22) He has but one aortic arch. 

(23) He is furnished with a larynx. 

(24) His alimentary canal neither terminates in a cloaca nor 

anteriorly to the urinary outlet. 

(25) He has a complete diaphragm. 

^(26) His kidneys replace transitory Woolfflan bodies. 

(27) He has no fin rays. 

(28) His blood-corpuscles are not nucleated. 

(29) He is provided with salivary glands. 

17. Man is distinguished from all batrachians in that- 

(1) His skull is formed with a large basi-sphenoid but no 

para-sphenoid, with a large squamosal confluent with 
a “ petrous bone,” and a mandible formed of two 
united pieces directly suspended from the ^uamosal, 

(2) His skull has a well-developed basi-occipital. 

(3) His auditory ossicles are minute, and take no part *n 

suspending the mandible. 

(4) His ribs join a sternum. 

(5) His vertebrae at first have terminal epiphyses. 

(6) His skin is furnished with ha^r. 

(7) His cerebrum is excessively large, with a corpus cal- 

losum, and his corpora quadrigemina ar^very small. 

(8) His olfactory nerves traverse a cribriform plate. 

(9) His ear has a spiral cochlea. 

(10) His posterior nares open far back within the mouth. 
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(i i) He never has gills at any time of life. 

(12) His heart has two ventricles. 

(13) All the blood of his body passes through the lungs. 

(14) There is no communication, in the adult, between the 

veins and arteries, save by the capillaries. 

(15) He has but one aortic arch. 

(16) His alimentary canal does not terminate in a cloaca. 

(17) He has a complete diaphragm. 

(18) His kidneys replace transitory Woolffian bodies. 

(19) His blood-corpuscles are not nucleated. 

(20) He is provided with true salivary glands. 

18. Man is distinguished from reptiles in that — 

(1) His skull has a “ petrous bone ” and a mandible formed 

of two united pieces directly suspended from the 
squamosal. 

(2) His auditory ossicles are minute, and take no part in 

suspending the mandible. 

(3) His vertebrae at first have terminal epiphyses. 

(4) His skin is furnished with hair. 

(5) His cerebrum is excessively large, with a corpus cal- 

losum, and his corpora quadrigemina arc very small 

(6) His olfactory nerves traverse a cribriform plate. 

(7) His ear has a spiral cochlea. 

(8) All the blood of his body passes through the lungs. 

(9) There is no communication, in the adult, between the 

veins and arteries, save by the capillaries. 

(10) He has but one aortic arch. 

(i i) His alimentary canal does not terminate in a cloaca. 

(12) He has a complete diaphragm. 

(13) The whole tarsus moves freely on the tibia, and there 

is- no intertarsal joint. 

Man also differs from all Reptiles except the Crocodilia in 
that — 

(14) His blood-corpuscles are not nucleated. 

(15) His heart is provided with two completely distinct 

ventricles. 

(16) His posterior narC'S open far back within the mouth. 

19. Man -is distinguished from birds in that — 

(i) His skull has a “petrous bone and a mandible formed 
’ of two united pieces directly suspended from the 
squamosal. 
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(2) His auditory ossicles are minute, and take no part in 

suspending the mandible. 

(3) His vertebrae at first have terminal epiphyses. 

(4) His skin is furnished with hair, and is devoid of 

feathers. 

(5) His cerebrum is excessively large, and with a corpus 

callosum, and his corpora quadrigemina are very 
small and not placed laterally and depressed. 

(6) His olfactory nerves traverse a cribriform plate. 

(7) His ear has a complex spiral cochlea. 

(8) His solitary aortic arch arches over the left bronchus. 

(9) No air-cells communicate with the lungs. 

(10) He has no syrinx, but a large and complex larynx. 

(11) His lungs are freely suspended in the thoracic cavity. 

(12) His alimentary canal does not terminate in a cloaca. 

(13) His ureters open into the bladder. 

(14) He has a complete diaphragm. 

(15) His posterior nares open far back within the mouth. 

(16) His coracoids are small processes. 

(17) His ulna is larger than his radius. 

(18) His hand has five digits and nine carpal bones. 

(19) His pelvis unites with the sacrum only, and not with 

lumbar and dorsal vertebrae, and has its acetabula 
» imperforate. 

(20) His fibula is f:ee at its lower end. 

(21) His tarsus does not unite partly with the tibia and partly 

with the metatarsus, and form an intertarsal joint. 

(22) He has five digits to his foot. 

(23) His coccyx docs not terminate in a ploughshare bone. 

(24) He is furnished with teeth. 

(25) His blood-corpuscles arc not nucleated. 


20. Man differs from the MONOTREMES in that—* 

(1) His vertebras at first have terminal epiphyses. 

(2) His cerebrum has a very large corpus callosum and 

small anterior commissure. 

(3) His car has a complex spiral cochlea, 

(4) His alimentary canal does not terminate in a cloaca. 

(5) His ureters open into the bladder. 

(6) His coracoids are small processes, and he has no epi- 

coracoids or large interclavicle. 

(7) His acetabula are imperforate. 

(8) He has no marsupial bones. 

(9) His fibula has no upper olecranon -like process. 
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(10) He has definite calcareous teeth. 

(11) The mammary glands are provided with nipples.' 

21. Man differs from all marsupials in that — 

(1) His cerebrum has a very large corpus callosum and a 

small anterior commissure. 

(2) He has no marsupial bones. 

(3) The angle of his mandible is not inflected. 

(4) His internal carotid perforates the petrous bone, and 

not the sphenoid. 

22. Man is distinguished from all mammals below his own 

order in that — 

(r) His anterior extremities are provided with thumbs. 

(2) His orbits are separated off from the temporal fossae by 

bony lamellai. 

(3) His dental formula is I H, C j, P M M g. 

23. Man differs from all members of his order except 
the three highest genera, the ('Irang [^Simia)^ the Gorilla and 
Chimpanzee {Troglodytes) ^ and the Gibbons {Hylobatcs)^ 
m that — 

(1) His sternum is of considerable breadth. 

(2) His metapophyses and anapophyscs are very little 

developed. 

(3) His cerebrum is richly convoluted 

(4) His caecum has a vermiform appendix. 

(5) His hallux is not formed for giaspmg, but for support- 

ing his body in an erect posture. 

24. Man differs from even the HTGilKS'r APES in — 

(1) T.he position of his body being erect. 

(2) The curvature of his sfiine and the form of his pelvis 

being conseciuently peculiar. 

(3) That his thumb reaches to the middle of the proximal 

phalanx of the index. 

(4) His femur being longer absoliitely, its shaft more an- 

gular, and its ^inea asnera more projecting. 

(5) The absolute length of his tibia and the sharpness of 

tfee crest of that bone. 

(6) The descent of the posterior bo* Her of the distal arti- 

cular suiface of the tibia below its anterior border. 

(7) The much greater descent of the peroneal than of the 

tibial malleolus. 
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(8) The shortness of the foot compared with the length 

of the pelvic limb minus the foot, and compared 
with that of the tibia. 

(9) The great breadth of the lowest part of the tuberosity 

of the os calcis. 

(10) The flattened surface, for the hallux, of the ento-cunei- 
form bone. 

(1 j) The fact of the first or second digit being the longest 
one of the foot. 

(12) The absolute size of the hallux, and especially of its 

second phalanx. 

(13) The very slight outward direction of the great toe 

(which is not prehensile) and the great proportion 
borne by it to the longest digit. 

(14) The small proportion borne by the four outer digits of 

the foot to the whole foot and to the metatarsal 
bones. 

(15) The successive decrease in length of the tarsus, meta- 

tarsus, and digits. 

fi6) That the cervical spines, above the seventh, are short 
and usually bifurcate. 

(17) The occipital condyles being more anteriorly situate 
on the basis cranii. 

(\S) That the cranio-facial angle varies from 90° to 120°. 

(19) The cerebral cavity being more than 2} times the 

length of the basi-cranial axis. 

(20) That the superciliary ridges are b’ttle developed. 

(21) That the max illo- premaxillary suture is not visible on 

the face of the skull, even at birth. 

(22) That he has a nasal spine. 

(23) The distance between the zygomata, where widest, ex- 

ceeding but little the greatest transverse diameter of 
the bony brain-case. 

<"24) That there is a large vaginal ridge to the petrous bone, 
and a long styloid process. 

(25) That his jaws are relatively small. 

(26) That hair is very little developed on the surface of the 

body, and is deficient on the back, though ordinarily 
abundant on the head. 

(27) That there is an extensor primi intern^dii poUki'i 

muscle, and also a peroneus frrt/us. 

(28) The flexor poliicis longus and the flexor longus digi- 

iorum perforans being completely separate. 

(29) That the soleus has a tibial as well as a fibular origin. 



496 ELEMENTAR V A.VA TOMY, [less. 

(30) That all four heads of the Jlexor brevis digitorum 

pedis arise from the os calcis. 

(31) That the fibular interosseous muscle of the second toe 

of the foot arises from the middle metatarsal on the 

dorsal side of the tibial interosseous muscle of the 

middle toe. 

(32) The absolute size of the brain. 

(33) The greater complexity and less symmetrical disposi- 

tion of its convolutions. 

(34) The smallness of the canines and the absence of an 

interspace between them and the adjoining teeth. 

(35) That the permanent canine is cut before the second 

true molar teeth. 

25. A perusal of the list of characters given in the nine 
preceding paragraphs must manifest to the beginner in 
anatomy how small and insignificant are the characters 
which separate man’s structure from that of other membei s 
of his class, compared with those which distinguish him from 
Birds and other yet inferior groups. 

Viewed from the anatomical standpoint, man is but one 
species of the order Primates ; and he even differs far less 
from the higher Apes than do these latter from the inferior 
forms of the order. , 

This work being purely anatomical, it is only needful here 
to remind the reader — of what common sense teaches us- 
that to estimate any object as a whole, its powers of action 
no less than its structure must be taken into consideration. 

The structure of the highest plants is more complex than 
is that of the lowest animals ; but for all that, powers are pos- 
sessed by jelly-fishes of which oaks and cedars are devoid. 

The self-conscious intelligence of man establishes between 
him and all other animals a distinction far wider than the 
mere superiority of his brain, in mass and complexity, or any 
other physical dificrence, would indicate. 

All, however, who admit the idea of man’s moral responsi- 
bility are logically compelled to go much further, and to con- 
fess that in this respect he is separated from the rest of the 
visible creation by an abyss so vast that no chasm separating 
the other kingdoms of nature from one another can be com- 
pared with 'it. 

Evident, then, as it is from the teaching of anatomy that 
the various parts of the human body have a classificatory 
value indicating the zoological position of the whole struc- 
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ture, it is no less evident from other considerations, that to 
allow mere anatomy to warp our judgment as to the 
TOTALITY OF MAN’S NATURE would be a serious mistake. 

To estimate correctly an existence of which mind forms a 
part, recourse must be had to Philosophy, and especially 
to Psychology. Unlike physical science, Philosophy is not 
restricted to the interpretation of existences belonging to one 
sphere only, but seeks to investigate all orders of truth and 
every kind of existence which is capable of apprehension by 
the mind of man. 
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Each animal^ the zoological position o) iv/iuh has not hern given tu the Lust 
Lesion, has the title of the groit/ towhuh li belongs placed {between brackets) 
after its name. 


A 

Abdominal cavity, 433. 
muscles, 297, 298, 337 
veins, 426 

^.bductor hallucis, or pollicis pedis, 305, 
307. 308. 355. 358, 359- 
magnus muscle, 342. 
metatarsi nuinti, 355, 359. 
minimi di^iti muscle, 297, 537, 35() 
minimi digiti pedis muscle, 304, • 

. 306. 307 

muscles, 282. 

pollicis muscle, 294, 297, 320, 3 ’>7 
pollicis pedis, Abductor hallucis 
Abomasum, 443, 444. 

Absorption of teeth, 251. 
Acanthopterygian fin, 278. 

Acanthurus (a Tcleostean Fi>h), swim- 
bladder of, 466. 

Accessorius muscle, 306 
Accipiter (a Carinate Bird), skull of, 
109, no. 

Acetabulum, 178, 180, 189, 195. 

Acrodont teeth, 256. 

Acromion, 146, 155, 156, 157, 170 
Actions of muscles, 361 
Adductor arcuum muscle, 310, 31 1 
branchiarum muscle, 316. 
digiti teitn muscle, 334 
digit! quarti imistle, 334 
minimi digiti mu«c Ic, 296 
muscles, 282 

muscles of thigh, 301 — 303, 344- - 

3461 350 

pollicis muscle, 2 q 6, 297, 336 
Adjutant (a Carinate Ihrd), 200 
Aetobatis, 20 

African Jumping Sinews, i6 
Agamas, 18. 


Agouti, i6. 

limb'bones of, 198 
mustles of, 309, 317, 327, 340, 34 i, 
3SE 35J» 154. 356 
Ailurus, 16. 

teeth of, 267. 

Air-sacs, 470, 471. 

Ala, of spenoid, 76, 81, 00, 2^7 
Alimentary system, 43 5 

tube, or canal, 4, 221 223 
Alisphenoid, 98, 109, 1 30, 227. 

canal, no. 

Alligators, 18 

luub-boncs of, 
muscles of, 343, 440, 354 
Alveolar bordei, 76 
plates, 236 
Alveoli, 77, 251, 257 
Amblystoina (a Urodelc Batrachlan), 
muscles of, 337 

American Apes, skull of, 132, 133 
E^t, Great, 19. 

Monkeys, hi am of, 378,384 
Anna (a Ganoid Fish),* swim-bladder 
of, 466 

ureters of, 4S2 
Amoeba, n 

AmpliHielous vcrtchr.e, 39 
Araplnovus, 9, 1?, 21, J42, 215, 225 
arteries oh 416 
breathing organs of, 466. 
circulation of, 426 
liver of, 460. 

Amphipmus (alcleosican Fish). 480 
Amphisben.a, 10, 18 
limb- bones of, iguf 

Amphiumi (a lliodelc Batracluan). 
lungs of, 464, 4bc; 
spine of, 53, 08 

Anab.is aTeleosLc ui 1' i b), gills of, 48a 

K K 2 
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Anableps (a Teleostean Fis»h), eye of. 

Ana? glands, 487 
Anapophysis, 31, 226. 

Anas (Goose), trachea of, 469 
Anatomy of man as a whole, 496. 
Anconeus muscle, 296, 334. 

Angle, basi-facial, 91, 135, 136. 
occipital, 92, 135, 136 
of mandible, 86, 114. 
olfactory, 92, 135, 136. 

Angler, 20. 

hmb-bones of, 191, 194. 

Angles of scajiula, 146 
Anguis (a legless Lizard), spine of, 
64 

limb-bones of, 161, 234. 
muscles of, 320, 321, 324. 

Angular bone, 98, 103, 120. 
process, 79 

Animal electricity, 405. 

kingdom, 5 
Ankle-joint, 207. 

Annular ligament, 304. 

Anmiloida, 7, 12. 

Annulosa, 6, 9, ii, 12. 

Anoplothenum, teeth of, 258, 
Ant-eater, 17 

glands of, 437, 439. 
intestine of, 448 
limb-bones of, iy6, 197, 211. 
mouth of, 254, 436 
muscles of, 316, 326, 330, 335, 342. 
skull of, III, X13, 115, 118, 122, 
130, 1 31, 133, 140 
spine of, 45, 52, 66, 68. 
stomach of, 444. 
tongue of, 441 

Ant-eater, Cape, teeth of, 276, 

Two- toed, 206 
Antelope, 

cutaneous glands of, 486, 487 
external skeleton of, 245 
Antelope quadneonns, 246. 

Antennae, 13 , 

Anterior auricular muscle, 283, 308 
chtioid process, 83. 
commissure, 370, 371, 373, 379 
cornu, 373 

fossa of the skull, 89, 136. 
inferior spinous process, 178, 179, 
190 

nares, 76, 133. 

nasal sjiine, 84 1 

palatine canal. 84, 88 
scalenus muscle, 2S7, 288 
superior spinous process, 178, 179 
tibial nerve, 400,402,412,414, 415 
Antero-postenor symmetry, 10 
Anthropoid Apes, brain of, 379 
muscles of, 336. 

Anthropotomy, 24. 


Antilocapra, external skeleton of, 245. 
Antlers of Deer, 279, 280. 

Antrum Highmori, 84. 

Anura, 19. 

Aorta, 299, 398, 407, 409, 41Z, 412, 
415—421, 424, 427-429, 449, 459, 463. 
468, 480, 484. 

Aortic arches, 398, 41 1, 412, 415, 416, 
418—420, 428, 429 
Apes, 1^5. 

brain of, 379, 384. 
external skeleton of, 243, 264. 
intestine of, 448. 
limb-bones of, 164, 166, 169. 
liver of, 455. 

mammary glands of, 489, 490 
muscles of, 321, 326, 332, 336, 349, 
359, 360 

skull of, 100, loi, 104, 106, tio, 
112, 114 — 118, 123, 131,134, 136, 

137, 140 

spine of, 40, 50, 57, 58, 71. 
teeth of, 258, 261, 263, 270, 27?. 
their differences from man, 494 
Aponeuroses, 281 
Appendages of skin, 236. 
Appendicular muscles, 362. 
Appendicuar skeleton, 23 
compared with axial, 234 
generalized, 229. 

Apteryx, 18. 

limb-bones of, 164 
muscles of, 321, 342 
spine of, 67 * 

Aquatic respiration, 461, 475. 

Aqueous humour, 387 
Aqiula, muscles of, 320, 341, 357. 
Aiachnoid fluid, 364. 

membrane, 364 
Arbor VI tm, 371, 372, 38 385 

Arch, neural, 26. 

Aich of aorta, 398, 411, 412, 415, 41(1, 
418 — 420, 428, 429 
Archaioptcryx, 18 
Archegosaurus, 19. 

Arches, cranial, 5, 95, 227 
visceral, 5 

Argeriosus {n Tcleostcan Fish), skull 
of, 128. 

Arm and leg compared, 232. 

Arm, muscles of, 327, 328, 330, 333 — 
3 55 

nerves of, 401 
Armadillo, 17, 240, 241. 
glands of, 437. 
larynx of, 474 

hmb-bones of, 155, 156, 1G4, 173, 
17-;, 389, 197, 200, 208. 
muscles of, 339, 356 
skull of, ii8. 

spine of, 43, 50, 51, 57, 60, 65, 
70, 71 
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\rmadtIIo, teeth of 260, 274. 
A.rm-bones, 145. 

Armpit glands, 488. 

Arterial blood, 427. 
system, 412. 

Arteries, 406, 411 — 414, 416 
Artery (carotid), groove for, 82. 
pulmonary, 468 

Articular bone, 98, 103, 104, 120, 121, 

*347 227. ^ 

Articular process, infeiior, 28 
superior, 28. 

Articularc, 396. 

Artiodactyla, 16 

Arytenoid cartilage, 472, 473, 475. 
Ascending ( olon, 442 
cornu, 374 
ramus, 86, 114 
ramus of iscliuim, 179, t8o 
Ascidians, 7, 12 

Astragalo-calcancum, 205, 213. 
Astragalus, iSp 185.200, 204.205,206, 
209*, 210 211 
Asymmctiy of e>es, 389 
Aides, T5 

larynx of, 474 
spine of, 50 

Atherina (a Tcleosteau Fish), 456 
Atlas vertebra, 30, 52, 217 
Attachment of ictth, 256 
Attolens auriculnin iiiusclc*, 283, 284 
Auilitoiy capsules, pj, 94. 

• meatus, 75, So. 

nerve, 368, 392, 396. 

Olga 11, 392 

ossicles, 1 -^ 2 , 393 395 

Aulv, Great, 18 
spine of, 47 

Auricles, 407 — 410, 424, 462 
Auricular mustles, 308 
surface, 179. 

Australian Rat, 16 
Austrian caves, ig 
Aves, 14. 15, 18. 

Axial muscles, 362 
Axial skeleton, 25 

compared with apjiendicular, ^34 
Axillary artery, 412, 41 1 
bolder of scapula, 146 
Axis vei tebra, 20, 54. 

Axolotl (a Urodelc ilatiachian), gills 
of, 479 

limli-bones of, 208 
muscles of, 337 
spine of, 39, 41, 70, 2t6 
Aye-aye, 15. 

Innb-bones of, 173 — 175 
muscles of, 349. 
teeth of, 258 

Azygos uvulaj muscle, 789. 

Azygos vein, 423, 431 


B. 

Baboons, limb-bones of, 1 56, 168. 
mouth of, 436 
skull of, 107, 113, 135 
spine of, S3, 57, 61. 

Babyrussa, skull of, 99. 
teeth of, 262. 

Back, muscles of, 289, 290, 319. 
Backbone, 25, 215. 

curves of, 33 
Badger, 16 

skull of, 102, 113 
teeth of, 267, 269. 

Bagrus, 20 

skull of, 96 
spine of, 47* 4^7 S3 
swim-bladder of, 466 
Babtma (Whale), Innb-bones of, 190, 
J99, 202, 203 
spine of, 49. 

Balamoptcr.i, 199 
Baleen, 247, 249 
Bahstes, 20 

Ball and socket joints, 24. 

Band of a tooth, 264. 

Bandicoots, 17 

liinb'lKines of, 176. 

Barbary Ape, 15 
Barbs, featneis of, 244. 

Barbules, 244 

Basi-l>r.\ncliiaK, 126, 477, 478 
Basi cranial axis, 91, 135, ijC. 
plate, 94. 

Basi-facial, yi, 1^5, 1 -,6. 

Basi-hyal, 87, 227, 306 
Basi-occipital, 97, loj, 119, 130, 227 
Basi-occipital tooth, 255 
Basi-sphenoid, 108, iii, 227. 

Basilar ariciy, 413 

pait of otcipital, 78, 79 
region. 77 

Basilisk, spine f)f, 41 
Basket of Lamprey, 72, 143, 2^4, 476 
Bat, 15. • 

bi am of, 379. 
cnonl.ition of, 426 
cutaneous glands of, 487 
(Mr of, 396 
exo sk<‘lc‘ton of, 245 
intestine of, 446 

limb-boucs of, 163, 164, 166— j68, 
170, 174, 175, j88, 190, 1Q2, 196 
* — 198, 202, 207, 211, 212, 252 
muscles of, 320, 321, 332, 337, 339, 
34‘-». 343* 345* 34^, 349* 35^, 359. 
362 

nasal organs of, 380. 
skin of, 237. 
skulJ of, 115 

spine oi, 38, 47, SI, 57, 59, 61, 65 
stomach of, 445. 
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Kat, teeth of, 265. 

Batrachia, 15, x8 
Batrachians, brain of, 383. 

circulation of, 426, 427, 429. 
cutaneous g:lands of, 488. 
car of, 394 
exo skeleton of, 243. 

Rills of, 479 
heart of, 409 

limb-bones of, 158, 161, 164, 165, 
168 — 170, 189, 199, 207. 
lymphatics of, 432 
muscles of, 312, 314, 317, ji8, 319, 
322. 323, 337. 359. 360. 
nerves of, 401 
pancreas of, 450. 
peritoneum of, 458- 
respiration of, 467 
skin of, 238 

skull of, 97, 99, 105, 108 — no, 113, 
115—118, 120^124, 135—137.139 
spine of, 47, 52, 56, 58, 60, 61, 64, 
66, 69 — 71. 

supra-renal capsules of, 483. 
teeth of, 275. 

their differences from man, 491 
thyroid gland of, 484 
tongue of, 440 

Batrachus (a Teleostean Fish), spine 
of, 70. 

Bats, Blood-sucking, 16. 259. 

Bat’s wing, circulation of, 428. 
Bdellostoma, gills of, 476 
Beak, 247 

Beaks of Fishes, 273. 

Bear, 16 

larynx of, 474, 
limb-bones of, 172, 176. 
muscles of, 349. 
spine of, 57 
Beard, 243 
Beasts, skm of, 238. 

spine of, 63 
lieaver, 16 

hmb-bones of, 164 
muscles of, 357. 
pancreas of, 449 
stomach of, 445 
teeth of, ?7S 

Biceps muscle, 147, 293, 294, 309, 313, 
315, 316, 320, 325, 327, 329.* 333 

femoris muscle, 301, 303, 304, f4r, 
344-346, 347. 348, 35<>, 351 1 

. .ss** 

Bicipital groove, ^47, 164, 165. 

Hi - con vex vertebra:, 40. 

Bicuspids, 253 
Bilateral symmetry, 2. 

Bile duct, 449, 451 
Bimeria, 7. 

Bipes, 188. 


Birds, alimentary canal of, 442, 447, 448. 
brain of, 378, 382, 383. 
bronchi ot, 471. 
circulation ofi 419, 420, 426 
cutaneous glands of, 487. 
ear of, 394. 
exo-skeleton of, 245 
eye of, 388, 389 
eyelids of, 312 
glands of, 438. 
heart of, 409 — 41 1. 
larynx of, 475 

limb-bones of, 153, 155, 158, 159, 
161, 162, 164, 166—168,170 — 175, 

188 190, 192, 193, 195 198, 20(. 

— 203, 206—210, 212, 213. 
liver of, 454, 456 
lungs of, 464, 465, 471. 
lymphatics of, 432 
mouth of, 435 

muscles of, 312- 314, 317— 3i9.3’4, 
326, 328, 329, 331, 332, 335, 341* 
342. 345. 349, 351, 356, 358, 359. 
362. 

nerves of, 401, 402 
pancreas of, 449 
peritoneum of, 458, 459. 
respiration of, 4^. 
skin of, 238 

skull of, 98, 99, 101, 103, 105, 108 
--112, 113, 115, 117, 118, 120, 
121, 124, 127, 130, 131, 133—137. 
139, 140, 141, 144. • 

spinal marrow of, 386 
spine of, 37, 39. 4f>, 48, 50— 5J. 

56, 57. 59> 63—66, 68, 70, 71 
stbmacn of, 44 3, 444 
supra-renal capsules of, 483. 
their diffeiences from man, 492 
thorax of, 222 
thyroid gland of, 484 
trachea of, 468, 469 
urinary organs of, 482 

Bladder 453, 480, 482. 

Blood, circulation of, 427. 

Blood -sucking liats, 16, 259. 

Boa Constrictor, limb- bones of, i8(i, 
193, 195, 196, 198, 199, 202, 20 ^ 
spine 4)f, 72 

Body of a vertebra, 26, 226 
of hyoid, 75, 87, 124, 126. 
of ischium, 179 
of pubis, 179, 
of sphenoid, 82, 91. 

Body-cavity, 4. 

Bombardier Beetle, 14 

Bones, 22. 

of toes, 212 

Bonnet Monkey, muscles of, 327. 

Bony horns of Ungulates, 278. 

Bony Pike (a Ganoid Fish), cxo-skele- 
ton of, 241, 277 
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Bony scutes, 239. 

Booby (a Carinate Bird), skull of, 137 
Box Tortoises, exo-skeleton of, 241 
Brachial artery, 413, 421* 
plexus, 400, 401. 

Brachialis anticus muscle, 293, 294, 

29^>» 3i3» 320, 324. 3277 328. 

Brachials, 162 
Bradypus, 17. 

limb-bones of, 208 — 210 
muscles of, 333 
trachea of, 469 
Brain, 4. 

as a whole, 384. 
base of, 368. 

development of, 374, 376. 
inferior surface of, 367, 368. 
lymphatics of, 432 
membranes of, 365. 
of man, 366. 
sections of, 371—374- 
. size of, 378. 
ttpper surface of, 366 
Branches of spinal nerve, 399, 403 
Branchiae, 461 

Branchial arches, X24— 126, 222, 225, 
226, 255, 397, 429, 476—478, 480 
arteries, 416, 417, 421, 423, 479 
veins, 416, 417, 479 
Branching of antlers, 278. 
Branchiostegal rays, 126, 478. 

Breast, 489 
Bieastboue, 34 

Bronchi, 407, 463, 467, 469, 470 
Bufo Calamita, cutaneous glands of, 
488. 

Bufo (Toad), limb-bones of, 203, 208 
Buccal glands, 437 
Buccinator muscle, 283, 284, 288 
Bulbus aortae, 398, 410, 417, 428 
arteriosus, 418, 427 
Bull Frog, nerves of, 391. 

Bulla, 106 
Bursa fabneii, 487 
Bustard, 198. 


• C. 

'Cabasson (an Armadillo), 208. 
Cachalot, skull of, 122, 128. 

Caica, 447. 

Caecum, 442, 446 — 448. 

Calcaneum, 184-186, 200, 204, 206, 
209 — 211, 213. 

Calf, thymus gland of, 485 
CalUchthys (a Teleostean Fish), swim 
bladder of, 466. 

Callophis (a Serpent), glands of, 438. 
Callosities, 239. 
of Camels, 239. 
of Horse, 239. 


Callosities of Monkeys, 240. 

Calotes (a Lizard), viscera of, 453. 
Calvarium, 74. 

Calyptorhynchus (a Carinate Bird), 
skull of, 133, 139 
Camels, ijr. 

broneni of, 469. 
callosities of, 239. 
cutaneous glands of, 486. 
limb-bones of, x66 
liver of, 455, 456 
mouth of, 435, 436- 
muscles of, 340, 342. 
spine of, 50. 
teeth of, 263, 268. 

Canalis centralis, 386 
Canine fossa, 84. 

Canines, 251, 253, 261. 

Cannon-bone, 200. 

Cantharis (a Teleostean Fish), swim- 
bladder of, 466. 

Cape Ant-eater, 17. 

limb-bones of, 192, 200, 201 
muscles of, 356. 
teeth of, 276. 

Cape Mole, skull of, 129. 

Capillaries, 406 

Capitellum of humerus, 147, 148, 164 
Capitular process, 28, 216, 223, 224 
Capromys (a Rodent), liver of, 455 
Capsular ligament of hip-joint, 182. 

of humerus. 148 
Capsules, supra-rcnal, 483. 

Capybara, 16. 

skull of, 99, 132. 

Carapace, 44, 239. 

exo-skeleton of, 241, 242. 
Carcharias, 20. 

Cardiac caecum, 445. 

end of stomach, 442, 444, 445, 448, 
450 

plexus, 403. 

Cardinal veins, 423, 425, 426 
Cannatai, 18 
Carnassial teeth, 266 • 

Carnivora, x6 

cutaneous glands of, 487. 
limb-bones of, 160, 169, 170, 196. 
mammary glands of, 490 
muscles of, 318 
skull of, 100, 102, 128. 
spine of, 57, 68. 

Carnivorous dentition, 266 
Car8tid artery, 415, 417 — 421. 

canal, 80, 88, 105. 
t)arp, 20. • 

alimentary canal of, 446. 
circulation of, 421. 
ear of, 394. 

^lls of, 477. 
liver of, 454, 
mouth of, 435. 
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Carp, muscles of, 311. 
nerves of, 402. 
skull of, 109, no, 1 12, 136. 
spine of, 38, 47, 63, 72. 
swim- bladder of, 465, 466. 
teeth of, 255. 

Carpal bones, 175. 
extra, 172. 

Carpus, 145, 151, 168. 

compared with tarsus, 233. 
distal bones of, 170. 
proximal bones of, 169. 

Cartilages, costal, 35. 

Cartilaginous arcs of Sharks, 73, 144 
ba^et of Lamprey, 72, 143, 224 
Cassowarv^ 18. 

limb-bones of, 160 
skull of, T4t. 
spine of, 66 
Casting of skin, 238. 

Categories of vertebne, 26 
Cat, exo-skeleton of, 245 

limb-bones of, 176, 201, 213 
mouth of, 435. 
must les of, 333 
skull of, TT2 

teeth of, 2G0, 264, 266, 269 
tongue of, 440 
Cattle, dewlap of, 237 
Cauda equina, 385, 386. 

Caudal muscles, 323. 
fin- muscles, 363. 
vertebra:, 59, 60, 189 
Caudate lobe ofliver, 452, 454, 455. 
Cavities of skull, 92 
Cement, 249, 250, 274. 

Centetes, 16 

mammary glands of, 489 

skull of, J03, 109, 116, 128, 133, 

142. 

teeth of, ?66. 

Centipede, i r. 

Central ligament, 386 
parts, 223. 
skeleton, t 3 
Centrale, 16S— 170. 

Centres, nervous, 4 
Centrum of a vertebra, 26, 215. 
Ceiihalo-humeral muscle, ^ 12 . 
CeratO'branchials, 126, 227, 477, 478. 
Ceratodus, 20, 257. 
arteries of, 416 
excretory organs of, 483. 
limb-bones of, 163, 195. 
swim-bladder of, 465. 

Cerato-hyal, 87,^123, 126, 227, 396. 
Ccrato-hyoideus muscle, 311, 315, 316. 
Cerato-mandibular muscle, 313 
Ceratophrys, 19, 

exo*skcleton of, 241. 

Cercolabes (a Rodent), limb-bones of, 
ao6. 


Cerebellum, 367, 368, 37^“‘373. 377. 
^ 379. 3 ?* -385. 390. 400- „ 

Cerebral hemispheres, 378, 382 — 384, 
390- 

nerves, 390. 

Cerebrum, 370, 371, 374, 377 — 400. 
Cervical enlargement, 386. 
vertebra, 28 
vertebrae, 26, 47, 216. 

Cervicalis ascendens muscle, 291. 313, 

^323- . 

Cestracion, 20, 269. 

Cetacea, i6 

bronchi of, 469. 
circulation of, 421, 425, 426. 
liver of, 456 
lungs of, 464. 

mammary glands of, 489, 490. 
muscles of, 309, 319. 323, 324, 326, 
328, 230, 340, 303 
urinary organs of, 483 
Cetaceans, brain of, 378 - 380, 386, 388« 
limb-bones of, 152, t() 0, 164, 166, 
i68, 170, 175, 188 — 190, 192, 196. 
199, 207. 

mouth of, 436, 437. 

skull of, 98 — loi, 113, 114, 122, 129, 

130, 140 

spine of, 39, 50, 51, 54, 62, 65, 71, 
224 

thyroid gland of, 484. 

C’hacma liaboon, 135 

C:halk, 8 0 

Chameleons, 18. 

changes of colour, 487. 
cutaneous glands of, 487. 
cxo-skelcton of, 245 
limb-hones of, 160, 170, 172, 174, 
191, 194, 207—210, 234. 
liver <<f, 454 
lungs of, 471 

muscles of, 317, 321 — 323, 325 — 
3^7. 331—337, 339. 341. 344» 34^, 
349, 351— J54, 350—362. 

Spine of, 46, 64, 65, 71, 112, 1 14, 
116, 124 
tongue of, 440. 

Chamois, cut.ineous glands of, 4S6, 
Cheek, 431;, 436. 
pouches, 43G. 

Cheirogaleus (a Lemuroid Primate) 
limb-bones of, 204. 

Cheiromcles (a Rat), cutaneous glands 
of, 487. 

Clieiromys, 15. 

cutaneous glands of, 487. 
mammary glands of, 489 
skull of, 115, 233. 
teeth of, 258. 

Cheiroptera, 15. 

Chelonia, 19. 

thyroid gland of, 485 
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Chelonians, alimentary canal of, 442. 
exo-skeleton of, 241- 
heart of, 409, 411. 
limb-bones of, i6t, 162, 167, t68, 
170, 172. 

lungs of, 464, 465. 
muscles of, 316, 317, 319, 321, 361, 
362. 

respiration of, 467 
skull of, 106, log. III, 116, 117, 
120, 133, 136, 140. 
spine of, 40, 52, 54,64, 67, 68, 217, 
219 

trachea of, 469. 
urinary organs of, 482 
Chelydra (a (.’helonian), 168, 172, 207 
Chelys(a Chelonian), skull of, 128 
Chemical coiniiosition of man’s body, 
2, 9. 

Chetodon (a Teleostean Fish), teeth 
of, 269. 

Cljevron bones, 60, 220, 226 
Chiasma of optic nerves, 285, 387, 389 
Chick, thymus gland of, 485. 

Chimmra, 20 

hmh-hone.s of, 191. 

Chimpanzee, 15. 
larynx of, 474 
limb-bones of, 156, 157. 
skull of, 132. 
tongue of, 441. 

Chin, 86 
(ihironectes, 20. 

Chirotes, 18 

Chlamydophorus (an Armadillo), cxo- 
skeleton of, 241 
spine of, 60 
C'hlamydosauuis, i8. 

('hocropus, 17. 

limh-boncs of, 171, 173, 174, 210 
— 212. 

Cholccpus, 17. 

hmb-bones of, 173 
liver of, 4 £55. 
spine of. 47 

Chorda dorsalis, 5, 36, 37. 
tympani, 397 
tyiniimu iicrve, 80 
Chorda; tenduica;, 408. 

Choroid plexus, 377 
Chromatophores, 487, 

Chrysochlons, 16. 
skull of, 1 29. 
teeth of, 2G8, 269. 

Chrysothnx, 15 

skull of, 132, 137, 138. 

Ciconia (a Carinate Bird), spine of, 43. 
Cingulum, 264, 267. 

Circulating system, 406 
Circulation of blood, 427. 
in gills, 479 
in infant, 424. 


Circulation in liver, 451. 

portal, 4, 12. 

Circumduction, 282 
Circumflcxus palati, 289. 
Circumvallatc papilla;, 440, 441. 

Cirri, 435. 

Civet Cats, 16. 

Class, 5. 

Classification, 5. , 

of Man, 496. 
of muscles, 282. 

Clavicle, 145, 147, 153, 155-157, 159- 
162, 230. 

Clavicular scutes, 240. 

Claws, 245. 

Clefts, visceral, 5. 

Climbing Perch, gills of, 480. 

Clinoid idate, 82. 

processes, 81, 83, T09. 

Cloaca, 447, 481 
Cloacae, os, 195 
t oati, muscles of, 346. 

Coatiraondi, t6. 

Cobitis (a 'I’eleostean Fish), spine of, 
47. 

swim-bladdcr of, 4G6. 
urinary oigans of, 482. 

Cobras, 19. 

spine of, 68. 

Coccj'geal regum, 58. 
vein, 432. 

Coccygeus muscle, 342. 

Coccyx, 33, 180 
Cochlea, 392, 30 305 

Cod, brain of, 386. 
ear of, 395, 396 
gills of,‘477.‘ 

limb-boncs of, 152, 162, 194 
liver of, 454. 

skull of, Toi, 106, 113, 126. 
swim bladder of, 4C/) 

Coclcuterata, 7 
Cccliac axis, 451 

axis artery, 398, 414, 421, 428. 
Collar-bone, jrt Chvicl^ 

Colon, 442, 446, 459 
Coluber, 19. 

Colulmnc Snakes, siJine of, 46 
Columella, 1 it, 121 

aims, 392, 3Q5, 306 

Colymbus, the ]Jiver(a Carinate Bird), 
201. 

Comb-like teeth, 275 
Coiffmon carotid ariciy, 41 1, 412. 
iliac artery, 414. 

Comparison bctv\ een linh-muscles, 361. 
of axial and appendicular skele- 
tons, 234 ^ 

of carpus with tarsus, .233. 
of digits of hand and foot, 233 
of fingers with toes, 233. 
of leg with arm, 233 
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Complexub mu<$cle, agi, 313, 323 
Compound teeth, 276. 

Compressor naris muscle, 284. 
Compsognathus, 19. 

Concha, 393 
Condyle of a bone, 24 

of lower jaw, 75, 86, 114. 

Condyles of lemur, 18 1, i8a. 
of humerus, 147, 148, 164 
of skull, 74 — 76, 78, 88, 91, 98, 
114, 1 17, 129 
of tibia, 183 

Condyloid foramen, 78, 108, 132. 

ridges of humerus, 147, 

Conger Eel, brain of, 383 
spine of, 41 
Conical papilla,', 440. 

Conjunctiva, ^87, 388. 

Connexion of skull-bones, 127. 
Constrictor arcuum muscle, 310, 311, 
316 

faucium muscle, 310, 31 1. 
pharyngis, 316. 

Constrictors of pharynx, 288 
Contractility of veins, 426. 

Convolutions of bram, 366, 370, 378. 
Cook’s Phalanger, limb-bones of^ 202. 
Coraco-brachialis muscle, 292, 293, 315, 
324# 527, 379. 

Coracoid, 146, 153, 155 — 158, 160—162. 

* 94 - . , 

Coraco-scapular foramen, 157. 

Cord, spinal, 23. 

Cordiform foramen, 192 
Corinne Antelope, cutaneous glands of, 
487- 

Cormorant, spine of, 47. 
stomach of, 443 

Corniculum of hyoid, 75, 87, 123 — 125, 
226, 220, 396. 

Corns, 239 

Cornu of hyoid, 75, 87, 123, 226, 229. 
Cornua of ventricles, 377, 379. 

Coronal section, 92 
suture, 77.' 

Coronary veins, 410. 

Coronoid, 75, 86, 114, i7o, 121, 122. 
fossa of humerus, 147, 148 
process of ulna, 149, 150, 165. 
Corpora maminillaria, 368, 369, 371, 
374> 377, 378, 382. 
quadngcmina, 371, 372, 377» 378, 
382, 390. 

restiformia, 382, 384. 
trapezoidea, 384. 

Corpus callosum, 367, 368, 371, 373 — 
375, 379 

striatum, 373, 374, 390. 

Corrugator supercilii muscle, 284. 
Corvina (a 'I'eleostoan Fish), swim- 
bladder of, 466. 

Costa of nb, 35. 


Costal cartilages. 35. 

Costo-coracoid ligament, 325, 329. 
Cottus (a Teleostean Fish), 162, 
Cotyloid cavity, 180 
Cow, external skeleton of, 247. 

Coypu Rat, mammary glands of, 489 
Crabs, 7. 

Crane, trachea of, 469. 

Cranial arches, 5, 95, 227. 
cavity, length of, 92, 135. 
characters generalized, 228 
Crest of ilium, 178, 179 

of tibia, 183, 184, 2ot. 

Cribriform plate, 83, 90, loi, 1 12 
Crickets, 13. 

Cricoid cartilage, 471, 474, 475. 

Crista galli, 83, 90, 91, 112. 

Crocidura (a Shrew), skull of, 115 
Crocodiles, 18. 
brain of, 383. 
bronchi of, 470. 
circulation of, 418, 427 
cutaneous glands of, 487. 
ear of, 396. 
exo- skeleton of, 241. 
heart of, 409, 410. 
larynx of, 475. 

limb-bones of, 161, 169, 170, 171, 
190, 195, 197, 204, 206, 207. 
liver of, 454 
lungs of, 465. 
lymphatics of, 432. 
mouth of, 436, 437. • 

muscles of, 309, 312, 349. 
nerves of, 402. 

skull of, 104, 105, 109, III — 114, 
161, 1 18 - 120, 124, 130, 131, 133, 
J36, 139--M1- 

spine of, 39, 47, 49, 51, 53» 54. 56. 

58, 63—65, 68, 69, 71, 215, 219. 
teeth of, 269. 
tongue of, 440. 
trachea of, 469 
Crop, 442, 443, 447, 49 ^ 
of' Pigeon, 490. 

Crotalus, 19. 

cutaneous glands of, 487. 
larynx of, 475. ‘ 

skull of, 104. 
spine of, 46, 50. 

Crown of tooth, 249, 250. 

Crucial ligaments, 183, 202. 

Crura cerebri, 368, 377. 

Crura of fornix, 373, 

Crural nerve, 402. 
vein, 432. 

Crureus muscle, 303, 344. 
Cryptobranchus (a Urodele Batra- 
chian), circulation of, 418. 
spine of, 58, 

Crystalline lens, 388. 

Ctenoid scales, 278. 
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Cuboides, 184 — 186, 200, 204, 205, 208, 
210, 2II, 213. 

('uneiform bones of foot, 184—186, 209. 
cartilages, 474 

Cuiieiforme of hand, 150,151, 157, 167, 
168, 170, 171, 173, 176. 

Curvature of backbone, 33. 

Curved lines of occiput, 76, 78. 
Cutaneous glands, 485. 
nerve, 400. 

Cutting of teeth, 250, 251. 
t'uttle Fishes, 6. 

Cyclodus, 18. 

exo-skeleton of, 241 
Iimb-bones of, 161, 162, 197 
skull of, 103. 

Cycloid scales, 278. 

Cyclotliurus (an Ant-eater), alimcntai j 
(anal of, 448 
muscles ot, 356. 

Cylinders of body, 3. 

Cynocephalus, 15. 
larynx of, 474. 
spine of, 61 

Cypnnus (Carp), swim-bladdcr of, 466 
Cystic duct, 452. 
fissure, 454. 

Cystophofa (a Seal), skull of, 112 
D. 

Dactylethra, 19. 

• limb-bones of, 152, 154. 

Dasypus, 17 

alimentary canal of, 448. 
limb-bones of, 175. 
muscles of, 332 — 334. 

Dasyures, 17 
Deep flexor-H of arm, 296. 
of leg, io6 

Deep muscles of head, 284, 

Deer, 17. 

antlers of, 279, 280, 
cutaneous glands of, 486, 487 
horns of, 282. 

limb-boncs of, 156, 157, 1G4, 172, 
207, 209, 210 
skull 0% 102, 118, 135 
teeth of, 261. 

Deer, Musk, 17. 

Definitions of teeth, 253. 

Delphinus, 129 

Deltoid muicle, 290, 291, 293. 310, 311 , 
313, ii6, 326— J28 
ridge, JO5 

Density of skin, 238. 

Dental formula, 253. 
sacs, 249 
structure, 273. 

Dentary bone, 98, 103, 104, lao, 121, 
134, 227. 

Denticles, 276, 


Dentine, 249, 250, 274. 

Dentition of Man, 251. 
typical, 259, 262, 266. 

Depressor alae nasi muscle, 284. 
anguli oris muscle, 283, 284. 
labii mfenons muscle, 284. 
mandibulse muscle, 313. 

Depressors (muscles), 282 

Dermal appendages, 236 
structures, 238. 

Dermis, 237, 240, 486. 

Descending aorta, 412, 414. 
colon, 442. 
cornu, 373. 
palatine artery, 413. 

T 3 esman, cutaneous glands of, 487. 

Desmodus (a Bat), 16. 
stomach of, 445. 
teeth of, 259, 263. 

Desinognathus (a Urodele Batrachian), 
skull of, 123 

Development of alimentary system, 
459 , 

ot antlers, 279. 
of arteries, 415 
of brain, 374, 376. 
of dorsal muscles, 364. 
of ear, 392. 
of eye, 387. 
of heart, 409 
of lungs, 463. 
of nerves, 404 
of peritoneum, 457. 
of skull, 93, 142. 

of spinal skeleton, 35, 72, 218, 221 
of teeth, 250, 254 
of veins, 423 
of vertebral column, 35 

Dewdap, 237. 

Diaphragm, 299, 339, 46S. 

Diapophjses, 216, 219, 224, 226, 

ihastema, 258. 

Dicynodoii, 19 
teeth of, 276. 

Dicynodontia, 19. 

Didelphia, 17 

Didelphous Mammals, 17 
teeth of, 264. 

Didelphys, mammary glands of, 489 
liouch of, 489 

Digastric muscle, 283, 286, 287, 310, 
311. 3 i 3 » 316. 
i 52 » 174 

of foot and hand compared, 233. 

Dinornis, 18. 

Dinothenum, 16, 261 • 

Diodon (a Teleostean Fish), 237. 
spinal marrow of, 386. 

Dipus, 16. 

Distal carpals, 170. 

phalanx of ha^’ux, 185. 
larsals, 184, 207. 



5o8 


INDEX. 


Diver, limb-bones of, 201 . 

Divisu)ns of animal kingdom, 5. 

Dodo, x8. 

Dog, glands of, 437. 
larynx of, 474. 

hmb-boncs of, 154, 156, 157, 164— 
167, 170, 174, 192, 194, 2n, 212. 
muscles of, 313, 317, 333, 336, 

337, 349 ^ 
pancreas of, 449. 

skull of, 106, 107, no, 112, 119, 
122, 123, 131, 1 38. 
spine of, 51, 51?, 62, 64. 
teeth of, 260, 263, 2O7, 269 
tongue of, 440. 

Dolichotis, 16. 

skull of, 118, 120 
Dolphins, 16. 

exo-skeleton of, 256, 257 
kidney of, 483. 

hnib-bones of, 155-- 157, 163, i66, 
171 

liver of, 455, 456. 
mouth of, 435, 
muscles ol, 316, 317, 339 
skull of, 1 17, 1 18, 120, 122, 129, 
137. i 39 > 140, 142 
spine of, 44, 45, 47, 53, 55, 6t. 
spleen of, 484. 
teeth of, 258, 272, 
tongue ol, 440. 

Dorking Fowl, limb-bones of, 205. 
iJormousc, aliinentary canal of, 443 
Dorsal fin, 27S 

muscles of, 363 
Dorsal glands, 487, 488 
laiTunjc, 36, 218. 
xertebra, 27, 42. 

vertcbije, 26, 42, 52, 59, 60, 189. 
Dorso-epitrochlcar muscle, 328. 

Dor^' 162. 

mouth of, 435. 

Double eye, 389. 

Diaco, 1 8 

spine of, 63, 69. 

Dragon, Flying, spine of, G3, 

Driini of eai, 393, 39t;- 
Duck billed Piaiypus, 18, 247 
spine of, 53, 54. 

Ducks, w eb of, 235 
Duct of liver, 452. 
of pancreas, 449 
of parotid gland, 284. 

Ductus aiteriosus, 415, 420, 424. * 
IJotalli, 477, 419, 420. 
communis c^holedochus, 452. 
Cuvieri, 423, 425. 
pneumaticLis, 465, 

\enosus, 424, 425, 451, 452, 454 
Dugong, 16. 

alimentary canal of, 443. 
bronchi of, 469. 


Dugong, circulation of, 420. 
exo-skeleton of, 247. 
heart of, 411. 
skull of, 122. 
spine of, 64. 
stomach of, 441, 44 '>• 
Duodenum, 442, 443 446- 449, 484. 
Dura mater, 365, 363. 


E 

Eagle, limb-bones of, iG^, i66, 167,212. 

muscles of, 320, 326, {41, 357. 

Ear, 392 

development of, 392. 
drum of, 393 
external, 396 
Earthworms, 7, 

Echidna, 18 

circulation of, 421 
cutaneous glands of, 487 
ear of, 394 

f [lands of, 437 

imb-bones of, 164, 194, 154 — 157, 
2v'>3 207, 230 

mammary glands of, 489# 
mouth of, 456. 

muscles of, 308, ^14, 321, 32G — 
328, 33X, 332, 33G, 341, 342, 351, 
353» 357» 3'’ I 

skull of, 102, luo, no — IT3, lie* 
120, 737 
spine o'", 48, 49 
spleen of, 484 
teeth of, 254 
tongue of, 441. 

Fa'tcron, 237, 23b 

Kcto-cune forme, 185, iSG 205, 208, 
209, 211, 21 3, 

Fa to-pterygoid, 103, 131, 227 
Edentata, 17. 

Fldentates, hmb-bones of, 17G, 21 3 
spine of, 45, 57, 
teeth of, 272 
Eels, 20. 

brain of, 378. • 

circulation of, 426 
mucus of, 4R8. 
peritoneum of, 4s8 
Efts, 19. 

cxo-skcleton of, 24s 
hmb-bones of, 15b 
skin of, 238. 
skull of, 104, 123. 
teeth of, 269. 

Eighth nerve, 397, 399 
Fllasmobranchii, 20. 

Elasmoliranchs, brain of, 383 
heart of, 410 
respiration of, 478. 
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Elasmobranchs, spine of, 38—40 
Elbow-joint, 23?. 

Electric Eel, nerves of, 405, 

Electric organs, 405. 

Elephant, 16. 

cutaneous glands of, 486. 
limb-bones of, 15s, 166, 189, 197 
liver of, 45(1. 
lungs of. 464. 

mammary glands of, 489, 490 
mouth of, 435 
muscles of, 309 
nasal organs of, 380. 
peritoneum of, 459. 
skull of, 98, 113, 117, 122, 128, 129, 
132, 140—142 
spine of, 43. 

teeth of, 261, 263, 269, 274 
tongue of, 441. 

Elevators (muscles), 282. 

Elk, limb-bones of, 202. 

Emballonura (a flat), cutaneous glands 
df, 487.^ 

Embryonic heart, 409. 

Emeu, x8. 

hmb- bones of, 160, 205, 210. 
trachea of, 4f)9. 

Emys, la 

limb^ones of, 169. 
muscles of, 317, 321, 323. 
shell of, 2j(j, 240 
Enamel, 249, 250, 274. 

I^coubert (an Armadillo), 208 
Enderon, 237, 2^8. 

Enderonic calcifications, 276. 
Endo-skeletal muscles, 282. 
Endo-.skelcton, 23, 214, 236. 

Enhydra, iG 

Ento-cuneiforme, 1S5, 186, 208, 210. 
Ento-pterygoid, 131, 227. 

Entozoa, 7. 

Epaxial arches, 219, 221. 
cartilage^,, 218. 
muscles, ^62. 
parts, 223, 226 
Ependema, 366. 

Ephiiipifer, 19. 

exo-sl^^lelon of, 241. 

Ephippus (a Tcleostcan Fish), spine 

of, 53 

Kpibranchials, 12G, 227, 477, 478. 
Epicoraco-liumcral muscle, 313. 
Epicoracoul, 153, 155, iGo. 

Epidermal ai>pendages, 244. 
Epidermis, 237, 238, 486, 

Epiglottis, 434, 470, 474. 

Epihyal, 123, 227 
Epiotic, 81, T03, 106, 227 
Epiphyses, '>3. 

Epi sternal granules, 66. 

Epithelial tooth-Iike structures, 276. 
Epithelium, 237, 238, 247. 


Erector spinai muscles, 290, 318, 322. 
Erythrinus (a Teleostean Fish), swim- 
bladder of, 465. 

Ethmoid, 76, 79, 83, 91, 93, 94, 104, 
111, 117, 129, 134 

Ethmo-vomerme plate, 93, 94, 143. 
Eustachian tube, 80, 88, 89, 119, 131, 
393. 394, 434—436 
valve, 401 

Excretory organs, 461. 

Exoccipital, 98, 100, 108, 130, 227 
Exo-skeletal muscles, 282 
parts, 236. 

Exo-skeleton, 23, 214, 23G 
Expanded neural spines, 239, 242. 

ribs, 239, 242. 

Extension, 361. 

Extensor brevis muscle, 316 

brevis digitorum pedis muscle, 
304,318, 347, 348, ^5^* 
carpi rathalis muscle, 294—296, 
320, 333 . 

carpi ulnans muscle, 206, 297, 335 
communis digitorum muscle, 296, 

indicis muscle, 297, 336. 
longus musi'le, 310, 316, 322, 328. 
longus digitorum pedis muscle, 

303—305, 346— 34 «> 351, 353, 

357, 3G0. , 

minimi digili muscle, 296, 334. 
muscles of fore-arm, 29G 
ossis metacarpi iiollicis muscle, 296, 
?97> 32s, 334. 335 „ 
primi internodu polhcis muscle, 
296, 297, 3 j6, 36) 

propnus (ligiti minimi muscle, 29G, 
328. 

propnus hallucis muscle, 303, 305, 
322, 348, 351, 352, 357- 
radialis muscle, 294— 296, 320, 333 
335- 

secuiuli internodii polhcis muscle, 

296, 336 

ulnaris muscle, 3 ^5^ 

Extensores mctacarpoi urn muscles, 
334, 335- 

met.itarsorum muscles, 345, ^60. 
phalangorum muscles, 334, 369. 
Extensors (muscles), 282 
of thigh, 322, 348. 

External angular process, 79. 
hranchia., 479 
•carotid arteiy, 411, 413. 
caipal ossicle, 172 
condyle of femur, iSr, 182, 198. 
condyle of humeftis, 164, 165. 
ear, 396. 
iliac, 412 

lateral ligament of knee-joint, 183 
lateral ligaments, 284, 304, 30^. 
malleolus, if 3, 184, 20^^. 
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K Kternal oblique muscle, 290, 292, 297, 
299, 310, 311, 315, 316, 322, 337, 

338- 

tendon of, 104. 
rectus muscle, 285. 
skeleton, 23, 236: 
surface of skull, 128. 
tpoth-like structures, 277. 
tuberosity of femur, 181, i8j 
tuberosity of tibia, 183 
^ye, 387, 388. 

Eyeball, muscles of, 285. 

shape of, 389. 

Eyebrows, 243, 

Eyelashes, 243. 

Eyelids, 387—389 
Rye-muscles, nerves of, 390 
Eye-tooth, 251. 

F. 

Face, skeleton of, 74. 

Facial nerve, 80, 396, 397, 4'x> 
Falciform ligament, 451, 459 
False vertebr.E, 26 
Falx, 90, 100, 136, 366. 

Family, 6 

Fangs of Serpents, 270, 271 
of teeth, 249—251. 

Feathers, 243, 244. 

Feeding of Whales, 248 
Feelers of Cat, 243 
Femoral artery, 412 —42 1 
glands, 488. 
pores, 488. 

Femoro-caiuUl muscle, 318, 327, 3,8. 
34^3 344. 346—348 

Femur, 177, i8r, 187, 190, 193, tqs, 
196, 198, 19^ — 201, 203, 209, 231 
I'^enestra ovalis, 81, 227, 392, 393. 

rotunda, 81, 227, 392, 393 
Fibrochondrosteal apparatus, 22. 
Fibrous tissue, 22. 

Fibula, 177, 183, 184, 187, 201—203. 

209, 2 TO, 21 ^^ 

Fieldfare, mu'scics of, 314. 

Fifth digit, T52. 

nerve, 82, 105, no, 391, 397— 3')"y 
428 

ventricle, 373, 374- 
Filamentary appendages, 237 
F'ile-fishes, 20. 

Fin, dorsal, 278 
Fin-muscles, 310, 363- 
Firi-rays, 174, 778 
Fin-Whale, spin^' of, 53. 

Finches, skull c'*, no 
Fingers, bones of, 145, 15T 
First rib, 70 
Fishes, 15, 19. 

alimentary canal of, 442, 446, 447, 
460. 


Fishes, arteries of, 416. 
beaks of, 273. 
brain of, 379, 382, 383. 
breathing organs of, 462. 
caeca of, 450. 

circulation of, 419,421, 426--429 
ear of, 394. 
eyes of, 388, 389. 
heart of, 410 

limb-bones of, 162, 163, 166, t 68, 
174, 188, 193, 194 
liver of, 454, 456 
lymphatics ol, 433. 
mouth of, 435, 437. 
mucus of, 488 

muscles of, 314, 316 — 320, 323— 
325. 337. 339. 362, 363- 
nasal organs of, 380, 381, 
nerves of, 398. 
peritoneum of, 458, 459. 
scales of, 246, 277. 
skin of, 238. 

skull of, 97—99, TOl, 104, 106, ITO 
— 113, 115—117, 119, 120, 126 — 
128, 131 — 136, 138, 139. 
spine of, 37, 38, 47, 60, 61, 64, 67, 
68, 70—72 
stomach of, 443, 444 
supra-renal capsules of, 483. 
swim-bladder of, 465 
their diflferences from man, 490. 
tongue of, 440 
urinary organs of, ^8i, 482. 

Fishes, osseous, spine of, 59. o 

Parrot, teeth of, 272 
Fissura Glasseri, 80,413 
Fissures of liver, 452, 454. 

FistuUria (aTeleostcau F ish), spine of, 

Flat Fishes, eyes of, 389. 
muscles of, 362 
spine of, 41. 

Flesh, 281. 

Flexion, 361. 

Flexor accessorius muscle, 307, 355, 
358, 359. 362. 

brevis digitorum muscle, 320, 329. 
brevis digitonim pedis muscle, 

307. 358, 361- 

brevis hallucis muscle, 306— 30S, 

brevw mantis muscle, 331, 332. 
brevis minimi digiti muscle, 297, 
336. 

brevis minimi cligiti pedis muscle, 
306, 359. 

brevis pollicis muscle, 296, 297, 
3?5, 336 , 

carpi raduilis muscle, 294, 295, 
329. 333 , 

carpi uluans muscle, 294 --296, 
320, 321, 329-331* 
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Flexor digitorwm pedis muscle, 350 
hallucis muscle, 360. ♦ 

longus digitorum muscle, 356, 358. 
longub digitorum, groove for, 1841 
201. 

longus digitorum pedis muscle, 
305-307, 345, 346, 354, 355. 
longus hallucis muscle, 306, 307, 
356, 358. 

longus muscle, 315, 329. 
longus polhcis muscle, 295, 296, 

, 325, 33‘>;7332» 361. 

longus polhcis pedis, groove for, 

minimi digiti muscle, 355 
muscles of arm, 294, 296. 
perforans muscle, 295 
pollicis pedis, see Flexor halluris 
profundus muscle, 295, 296. 320, 
3?c^-333. 361. 
radialis muscle, 325, 334 
sublinus muscle, 294, 295, 330—332. 

, tendons, 332. 

tertius digitorum pedis muscle, 

346,354- , 

ulnaris muscle, 325, 335 
Flexores breves muscles, 337. 

Flexors (muscles), 282. 

Flexure of limbs, 232. 

Floccular process, T05, 138. 

Flocculus of cerebellum, 367, 383 
Flounder, skull of, 128. 

Flustra, 7. 

♦'lying Dragon, spine of, 68, 69 
Flying Fox, 15. 
muscles of, 333 
pancreas of, 449. 
skull of, 123. 

Flying Lemur, 10, 16, 260 
limb-bones of, 232 
teeth of, 261, 265, 275. 

Flying Lizard, 69 
Flying Squirrels, 2 36. 

muscles of, 320. 

Folds of peritoneum, 458. 

of skin, 237. 

Fontanelle, 127. 

Foot, 177, 200, 203 — 205, 209 — 21 1, 

digits of, compared with those of 
hand, 233. 

muscles of, 307, 357, 358. 

Foramen, anterior palatine, 88. 
condyloid, 78, 90, 108, 132. 
rordiform, 192 
inferior dental, 86 
infra orbital, 76, 84, 114. 
lachrymal, 92. 
lacerum anterius, 87, 88 
lacerum posterius, 88, 90. 
magnum, 78, 90. 
mental, 86. 


Foramen, occipital, 74, 90 
optic, 76, 82, 108, 
ovale, 82, 88, 90. 108, 137 
posterior palatine, 88. 
rotundum, 82, no, 137 
spheno-palatine, 85. 
stylo-mastoid, 80, 88, 105. 
vidian, 81 

Foramen of Monro, 371, 372, 374. 
Foraminifera, 8. 

Fore-arm bones, 145 
muscles of, 294 
Fore-biain, 374, 377. 

Formation of eye, 387. 
of feathers, 243, 244. 
of nail, 244 
of teeth, 249 
Forms of teeth, 257. 

Formula, dental, 253. 

Fornix, 370, 371, 373—375. 377- 
Fossa ovalis, 408 
Four-horned Antelope, 246 
Fourth digit, 152. 

nerve, 273, 390, 399 
ventricle, 371, 372, 378, 384 
Fowl, limb-bones of, 205. 
muscles of, 310. 
skull of, 98 
spine of, 67. 
stomach of, 444 
viscera of, 44'- 

Fox, cutaneous glands of, 487. 

Fracture of femur, 182. 

Fraenum, 438, 439. 

Freshwater J ^,rrapins, 19. 

Freshwater Tortoise, skull of 44, 230, 
240 

Frilled Lizard, 18, 237 
FringillaX Sparrow), skull of, no. 
Frog-fishes, 20 
Frogs, 19 

arteries of, 41G 
brain of, 383, 384. 
circulation of, 417, 427 
ear of, 394 , 

gills of, 479 
heart of, 410 

limb-bones of. 158, i6i, 166, 176, 
191, 193, 198, 200, 204, 205, 213 
lungs of, 462. 
lymphatic s of, 432 
musc’les of, 31T, 312, 314, 327, 343, 
35S— 360, 362. 

• nerves of, 397, 401 - 403, 405 
respuation of, 467, 470. 

'•kull of, 99, 100, 104, 108, TIO, 
1 12, 124, i?3,^39— 141. 
spinal mai row^ of, 386. 
spine of, 38, S2, 53, 59, 63, 65, 67 
thymus gland of, 485‘. 
thyroid gland of, 485. 
tongue of, ' fo. 
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Frogs, trachea of, 468. 

Frontal bone, 75, 76, 79, 91, g8, 100, 
loi, 103, 104, 114, 121, 129, 134. 
227. 

lobe of cerebrum, 368. 
region, 77 

sinus, ^T, 93, 140, 14X. 
Fronto-parietal, 100. 

Fungiform papillae, 440. 


G. 

Galago, 15. 

hml>bones of, 204, 207. 
liver of, 456. 

mammary glands of, 490. 
spine of, 45. 

Galeopithecus, 10, 16. 

alimentary canal of, 447. 
muscles of, 320, 333. 
teeth of, 259, 260, 263, 265. 

Gall bladder, 447, 451, 452“455i 4^6. 
duct, 459 

Gallinaceous Birds, spine of, 67. 
Ganglia of nerves, 399. 
of spinal nerve, 385. 
sympathetic, 403. 

Ganoid Fishes, nerves of, 401. 
swim-bladder of, 465 
spine of, 47, 48, 53 
skull of, 96, 99. 

Ganoidei, 20. 

Gasserian ganglion, 391. 

Gastric glands, 433. 

Gastrocnemius muscle, 301, 304, 305, 
34T, 344—347. 350 , 352 - 355 
Gastro-hepatic omentum, 458. 

Gavials, 18 

skull of, 114, 115, 128, 142. 
Geckoes, 18. 

limb-bones of, 161 
lungs of, 471. 
skull of, 10 1, 
spine of^ 30 
Geese, web of, ”2 
Gelatine, 239 

Gemelli muscles, yn, 307, 342. 
Generalised appendicular skeleton, 229 
cranial chai aciers, 228. 
conception of nervous system, 404. 
Genio-glossus muscle, 286, 
Genio-hyoglossus muscle, 287. 
Genio-hyoid muscle, 286 — 288, -’ll, 

-, 3 ^ 5 . 439 . 

Genu of corpus callosum, 370 
Genus, 6 
Gibbon, 15. 

limb bones of, 192. 
skull of,’ T22. 
spine of, 64 
tongue of, 441. 


Gibbon (Siamang), 236. 

Gill arches, 124, 476. 
artery, 479. 
veins, 479. 

Gills, 13, 416, 436, 461, 476, 477.479- 
circulation in, 479. 
skeleton of, 72. 

Giraffe, 17. 

horns of, 279, 280 

limb-bones of, 155, 167, 200, 209 

liver of, 456. 

mouth of, 436. 

muscles of, 321. 

skull of, 118, 142. 

spine of, 47, 48 

Girdle-bone, 100, 108. 

Gizzard, 249, 444, 447. 

Glands, anal, 487. 
cutaneous, 485. 
dorsal, 487. 
femoral, 488. 
gastric, 433. 
inguinal, 487. 
lachrymal, 486. 
lymphatic, 430, 431. 
mammary, 485. 
occipital, 486 
of armpit, 488. 
of back, 488. 
of scent, 487. 
of stomach, 445, 
of thigh, 488, 
parotid, 488. 

sebaceous, 485 '* 

sudoriferous, 485. 

sweat, 486. 

temporal, 486. 

uropygial, 487. 

Glasscrian fissure, 394, 395, 397. 

Glenoid surface of skull, 79, 88. 
of scapula, 146, 155—157. 

(Jlobigenna, 8. 

Globiocephalus (a Cetacean), spine of, 
62 

limb-bones of, 175 
skull of, n8. 

Glosso-hyal, 124, 227, 440 

Glosso-pharyngeal nerve, 88, 368, 397, 
399 

Glottis, 468. 

Cilutei, 348. 

Gluteus maximus, 300, 301, 341, 34^, 
34b 

medius muscle, 301, 302, 322, {41 
minimus muscle, 301, 322, 342 
primus, 346 
secundiis, 346. 
teitius, 346 

Glyptodon, 17. 

cxo-skeleton of, 241. 
spine of, 37,39. 52- 

Goats, 17. 
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Goats, exo-skeleton of, 245. 
horns of, 279 
skull of, 102, 129 

Goat-sucker (a Carinate Bird), limb- 
bones of, 213. 

Golden Mole. 16. 
teeth of, 268. 

Gomphosis, 251. 

Cioniadus (a Shark), teeth of, 269. 

Goose, lungs of, 470. 
lymphatics of, 432. 
muscles of, 310 

Gorilla, 15- , , 

auditory organ of, 396. 
larynx of, 474 

hmb-bones of, i88, 189, i97» 208. 
must les of, 360. 

skull of, 99—101, 105, 127—129, 
132* ^ 35 - 
spine of, 50. 

Gracilis muscle, 301—303, 322, 338, 345 
— 347 . 354 , , . 

Clrammatophora (a Lirard), 197 - 

Great Ant-eater, 1 7 

limb-bones of, 196, 197, 211. 
muscles of, 309, 313, 314, 317 
skull of, 113, 118, 122, 130, 131,1^0. 
spine of, 45, 52. 

Great aorta, 41 1. 

Great Armadillo, limb-bonesof, 173. *75* 
spine of, 51, 70, 

Great Auk, 18. 
spine of, 47 

GA:at lateral muscle, 363 

lateral muscle of fishes, 319. 
omentum, 458. 

saoro-sciatic ligament, 180, 189,193. 
sciatic nerve, 400 
trochanter, 181, 182, 197, 209. 

Greater cornu of hyoid, 75, 87. 
ischiatic notch, 180 
sigmoid cavity, 149 
tuberosity, 148, 164, 165, 167. 
wing of sphenoid, 75, 76, 82, 83, 
90, 94, 109, 

Grebe (Duck), 198, 201. 

Greenland Whale, 190, 195. 
spine ofi 64. 

Grinding teeth, 251 

Groove for carotid artery, 82. 

Grooves in tibia, 184. 

of feather papilla, 24 3, 244. 

Growth of antlers, 280 

Guinea-pig, limb-bones of, 160. 
muscles of, 353. 
spine of, 71. 

Gullet, 434, 441. 

Gums, 247 

Gymnophiona (an Ophiomorphous 6a- 
trachian), lungs of, ^64. 

Gymnura (an Insectivora), teeth of, 264. 

Gyri, 366. 


H. 

Hair, 236, 238, 242. 

Hahtherium, 16. 

Hallux, 187, 205, 212, 213. 

Hammer-headed Shark, 20. 
brain of, 390. 
muscles of, 312. 
skull of, 128, 139 

Hamster (a Rodent), lungs of, 464 

Hamular processes, 82. 

Hand, bones of, 145 

digits of, compared with tliose of 
foot, 233. 
muscles of, 336. 
skeleton of, 168. 

Hapale, 15 

limb-hones of, 201. 
muscles of, 350 

Hard palate, 434, 436 

Hare. i6. 

alimentary canal of, 447. 
limb-bones of, 155, 164, 165, 172, 
197, 201. 210, 212. 
muscles of, 310, 351, 352 
skull of, 104, 105, no, 113, 114, 
ii8, 130, 133, 137,138, 140, 142. 
spine of, 42, 52, 53. 
teeth of, 259, 263 

Harelip, T15. 

Hawk, muscles of, 321. 

Head, muscles of, 336. 
skeleton of, 74 

Head and neck, muscles of, 283, 284, 
297, 308 

Head of a bone, 24 
of femur, 181, 197 
of fibula, 183, 184 
of humerus, 148, 164, 165. 
of Lamprey, 72 
of radius, 148, 149, 167. 
of a rib, 3=5, 69, 216. 
of ulna, ISO 

Heart, 4, 406—408, 427, 429, 462. 36 
468. ^ 

development of, 409. 

Hearts, lymphatic, 432. 

Hedgehog, i6. 

alimentary canal of, 448. 
brain of. 382. 
circulation of, 420. 
ear of, 394 
cxo-skeleton of, 243, 
larynx of, 474. 
liver of, 455 

mammary gland.s of, 489. 

muscles of, 308, 329, 333, 339, 359. 

pancreas of, 449. 

skull of, 109, 1 19, X30. 

spinal marrow of, 386. • 

spine of, 6x. 

teeth of, 26 x , 964, 

L L 
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Hemicenteles, x6. 

limb-bones of, 188. 
skull of, 102. 
teeth of, 260, 26^, 266 

Hemidactylus (a Saurian), hmb-bones 
of, z6i, 162. 

Hemispheres, cerebral, 366. 

Hepatic artery, 414, 423, 451. 
duct, 448, 452, 
veins, 422 — 426. 

Hcptanchus (a Shark), arteries of, 416* 
branchial arches of, 480. 

Herring, swim-bladder of, 465. 

Hexanchus (a Shark), brain of, 384 
branchial arches of, 480. 
nerves of, 397, 398. 

Highest Apes, their differences from 
man, 494. 

Hmd-brain, 374, 375, 377. 

Hinge-joint, 24. 

Hip, 177. 

Hippocampus, 20. 
major, 373. 
minor, 373. 
pouch of, 490. 

Hippopotamus, 17. 

limb-bones of, 203 
liver of, 455. 
skull of, 1 1 8. 

Hog, 17. 

bronchi of, 469 
limb'boiies of, 21 1. 
lymphatics of, 432. 
skull of, 118, 1 19, 141, 142. 

Hog-tnbe, teeth of, 262. 

Hollow-horned Ruminants, 245. 

Holocentrum (a Teleostean Fish), hser 
of, 456, 

Holothuria, 13. 

Homologues, serial, 11, 215, 

Homotypes, ii, 215. 

Honeycomb, of Sheep’s stomach, 445, 

beasts, 16 

Hoofs, 245' 

Horizontal ramus, 86. 

ramus of pubis, 178, 179. 

Horn, 239. 

of Rhinoceros, 245. 

Horns, bony, of Ungulates, 279. 

Horns of Oxen, 245 

Horny epidermal scales, 240. 

Hmrny teeth, 247. 

frorse, 16. 

alimentary canal of, 447, 
bronchi pf, 469. 
callosities of, 239. 
exo-skeleton of, 245. 
limb-bones of, 196, 197, 200, 207 — 
209, 2X1, 2X2. 
liver of, 456. 
mammary glands of, 


Horse, muscles of, 308, 311—314, 321, 
323. 326, 329, 333, 334, 336, 34X, 
343. 349-“3S3> 356, 358—360* 
skull of, zoi, 103, 1X0, 116, 123, 
124, 131, 132, 137, 139, 171—174. 
spine of, 40, 43, 48, 51, 65. 
teeth of, 267, 269, 275. 
tongue of, 440. 

Horseshoe Bats, 15. 

Howlers, 15. 

Howling Monkeys, larynx of, 473, 474 
skull of, 124, 134, 138. 
spine of, 50, 65, 66. 

Humerus, 145, 162—164, 173, 230. 

Hundred-legs, 7, 11. 

Hyaena, 16, 

Hydra tuba, 13 

Hydrochoerus (tlie ^Capybara), teetli 
of, 275. 

Hydromys,^i6. 
teeth of, 263. 

Hydrophis (a Serpent), larynx of, 475 
cutaneous glands of, 487 
muscles of, 354. 
skull of, 129. 

Hyla ( a Tree- Frog), 208. 

Hylaedactylus (an Anourous Batra 
churn), hmb-bones of, 176. 

Hylobates, 15 ; hmb-bones of, 201, 207 

Hyo-glossus muscle, 287, 288, 314. 

Hyoid, body of, 75, 123. 
bone, 434, 471 

corniculum of, 75, 123. • 

great cornu of, 75, 123. 
muscles of, 286. 

Hyoulean arch, 93, 94, 125, 397 
nerve, 397 

Hyo-mandibular, 103, 121, 227, 395) 
396 

Hyo-stern ah scute, 240. 

Hypapophyses, 42, 217, 220, 223, 224, 
226 

Hypapophysial arch, 215. 

Hypapophysis of atlas, 217 
'of axis, 217. 

Hypaxial aich, 221. 
muMles, 362 
parts, 221, 224, 226.' 

Hyperapophyses, 45, st, 226. 

Hyperoodon (a Cetacean), spine of, 68 

Hypo-branchials, 126, 227, 477, 478. 

Hypog.astric arteries, 424. 
plexus, 404. 

Hypoglossal nerve, 78, 98, 132, 368 

H)T>osternal scute, 240. 

Hypsiprymnus (a Marsupial), skull ol 
142. 

Hysteropiis (a Saurian), cutaneou 
glands of, 488. 

Hyracoidea, 17. 

Hyrax, 17. 
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Hyrax, alimentary canal of, 448. 
exo-skeleton of, 245. 
limb-bones of, 155, 172. 
liver of, 456. 

muscles of, 312, 314, 321, 328, 330, 
33i» 336, 339> 342. 343, 350—354, 
35 ('> 358. 
skull of, 123. 

Hystrix, i6. 

skull of, 1 14. 
teeth of, 259. 


I. 


Ichthyopsida, 15. 
brain of, 383. 
nerves of, ^99. 
skull of, 96, 97, 108. 
urinary organs of, 481. 
Ichthyosauna, 19. 

Ichthyosaurus, 19. 

limb-bones of, 166, 174, 196, 199, 
207, 211, 213, 234 
spine of, 37, 47, 70 
teeth of, 270. 

Iguanas, 18. 

limb-bones of, i6t. 
muscles of, 312, 317, 321—324, 327 
—329. 331, 333—341, 344, 345, 
, 347-350, 353—359, 364- 
skull of, 127 
• spine of, 53, 66 
teeth of, 254, 256, 269. 
thymus gland of, 485. 
l^anodon, 19. 

Iliac artery, 414, 421, 424. 
fossa, T79 
symphysis, 191. 
veins, 422, 425- 

Iliacus muscle, 300, 302, 318, 322, 3^8, 
,,.340, 34^. 345. 350- 
Ilio-caudal muscle, 318, 322, 338, 348, 
I, .350. 

J lio-coccygeus, 324. 

Ilio-pectmeal eminence, 178, 190, 195, 

I lio-peroneal muscle, 318, 322, 3t4 — 
,,.350, 354, 

Ilium, 177 — 180, 187, 189, 191, 193, 194, 
196, 198, 231. 

Immovable joints, 24 
Implantation of teeth, 256. 

I ncisor of Horse, 260. 
teeth, 114. 

Incisors, 251, 253, 258. 

growth of, 259. 

Incus, 393, 395, 396. 

Index, 152 

Indian Antelope, cutaneous glands of, 

486. 

Indian Tortoise, cutaneous glands of, 

487. 


Indns, 15. 

alimentary canal of, 447. 
caecum of, 460. 
skull of, 138. 

Infant, circulation of, 424. 

Inferior articulating process, 28. 
constrictor of ^arynx, 288. 
dental foramen, 86 
extremity, muscles of, 300, 340 
maxillary bone, 74, 120 
maxillary nerve, 391, 397. 
oblique muscle of eye, 285. 
rectus muscle, 285. 
region of skull, 129. 
surface of brain, 367 
vermis, 367 

Infra-oibital foramen, 76, 84, 114 
Infra-spinatus muscle, 290, 292, 293, 
312, 326, 378. 

Infra-spinous fossa, 145, 146. 
Infundibulum, 369, 371. 

Infusoria, 8 
Inguinal glands, 487 
Innominate arteries, 411. 
bone, 178, 188. 
veins, 410, 422, 431. 

Innominatum, os, 177 — 179. 

Insecta, 7. 

Insectivora, 16 

hmli-bones of, 1S8. 102 
skull of, 116, 142. 
spine of, 58 
Insects, 7, 9 

Insertion of muscles, 281. 

Inside of the skull, 89. 

Integument, 238. 

Intelligence of man, 496. 

Interarticular caililagc, 24. 

cartilages of larynx, 473. 
Interclavicle, 155, 161 
Interclavicular scute, 240, 242 
Intercondyloid fossa of femur, iSp 
Intercostal arteiies, 414, 421 
muscles, 23(), 292, 29^ 
nerves, 400. 
veins, 42 p 

Interior of skull, 135, 136. 
Interniedumi, t68 170. 

Internal carotid, 411,41'’, 
cingulum, 267. 
condyle of femur, 182. 
condyle of humerus, 165 
illfic artciy, 414. 

lateral ligament of knee-joint, 183. 
malleolus, 183, 184, 201. 
maxillary artery, 41^. 
oblique muscle, 292, 298, 311, ^37. 
pterygoid process, 75, xii 
rectus muscle, 285 
skeleton, 23, 2x4. 
tuberosity of femur, i8i, 182. 
tuberosity of tibia, 183. 

L L 2 
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Interoperculum, 103. 

Interossei (muscles), 297, 337, 360, 361. 
Interosseous artery, 412, 414. 
Interparietal, 99. 

Interspinales (muscles), 291. 
Interspinous bones, 278. 
Intertransversales (muscles), 291, 300, 
3 ^ 7 * , . . 

Inter-trochantcnc ndges, 181, 182. 
Intervertebral foramina, 41. 

Intestinal parasites, 7 

intgtuic, 433, 442, 446—448, 450, 453, 

Inuus, 15. 

spine of, «;9 
Invertebrata, 8, 20. 

Ischiatic notches, 180. 

Ischio-caudai, 338, 350. 
Ischio-coccygeus, 324 
Ischio-pubic bone, 187, 193, 

Ischium, 177 — 180, 189, 190 — 193, 198, 
199. 

Island of Red, 367, 378. 

Iter a tcrtio ad quartum venlriculum, 
371. 372- 

J. 

Jaw, lower, 74, 120, 121. 

Jelly Fishes, 7, 10. 

Jerboa, 16, 

hmb-bones of, 210, 212 
Johmus (a Teleostean Fish), swim- 
bladder of, 466. 

Joints, 23 

shackle, 278. 

Jugular eminence, 78. 

Fishes, 194. 
foramen, 397. 
vein, 87, 422, 431. 


K, 

Kalophrynms (an Anourous IJatra- 
chian). cutaneous glands of, 488. 
Kangaroo, circulation of, 421. 
heart of, 409. 

limb-lx>nes of, 190, 201, 212. 
lymphatics of, 432. 
mammary glands of, 489. 
musclcsof, 331, 340, 350. 
skull of. 109. , 

stomach of, 443^ 
teeth of, 267, 463. 

Kidneys, 3, 13, 461, 480. 

circulation in the, 427. 

Kingdoms of Nature, 5. 

Knee-joint, 183, 232. 

Knee-pan, 183, 

Koala, 17. 

alimentary canal of, 447. 


L. 

Labial barbs, 435. 

T-ab>rinth of ear, 393. 

Labyrinthic teeth, 276. 

Labyrinthodonta, 19. 

Labynnthodonts, teeth of, 275. 

Lacerta (a Lizard), glands of skin of, 
488. 

limb-bones of, 203, 206. 

Lachrymal, 75, 85, 116, 121, 130, 134, 
227. 

duct, 388, 434. 
foramen, 92. 
gland, 388, 486. 
nerve, 391. 

I^ctcals, 406, 430. 

Lagostomus (a Rodent), 114. 
muscles of, 309 

Lambdoidal suture, 77. 

Lamellae of gills, 479. 

Lamina cinerea, 369. 
of a vertebra, 27. 
terminalis, 369, 371, 375, 377. 

Laminae dorsales, 36. 
ventrales, 36. 

Lamna (a Shark), teeth of, 369, 273. 

Lamprey, 20, 21. 

alimentary canal of, 446. 

basket of, 476. 

brain of^ 379, 384. 

cartilaginous basket of, 71, 143, 224, 

ear of, 394. « 

head of; 72, 121, 125, 143, 224 

liver of, 456. 

mouth of, 435. 

nasal organ of, 381, 

nerves of, 391. 

other skeletal parts of, 152, 225. 
peritoneum of, 458. 
respiration of, 476. 
spine of, 37, 67, 72. 
teeth of, 247. 

Lampris (Opah Fish), 159, 194. 

Lampshells, 7, ii 

Lancelot, 9, 12, 21, 2x5, 218. 
anterior end of, 95, 142. 
excretory organs of,t48i, 483. 
lands of, 450. 
as no ear, 393. 
heart of, 410. 
liver of, 453 
mouth of, 435. 
other skeletal parts of, 152. 
peritoneum of, 458. 
respiration of, 476. 
spinal marrow of, 386. 
spine of, 42. 

Land Tortoises, 19. 

limb-bones of, 174, 175, 21 1, 2x2* 

Large intestine, 442, 446—448, 460. 

Laryngeal pouches, 473, 474. 
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Larynx, 434, 471, 478. 

Lateral ethmoid, 83, 93, 94, in, 134, 
227. 

ligaments of knee-joint, 183. 
line, 488. 

part of occipital, 79. 
ventricles, 372, 374, 375, 377. 
Latissimus dorsi muscle, 289, 290, 293, 
3“> 3^6, 320, 321, 325, 329. 
Layers of skin, 337. 

Leaping Shrew, i6. 

Leeches, 7 

Left auricle, 407 — 409. 
lung, 467 

ventricle, 407 — 409. 
keg, 177 

mustles of, 303, 304, 351, 352, 35*;, 
360 

Leg and arm compared, 232. 
Leioccphalus (a Saun.ui), 197, 

Lemur, 15. 

exo-skeleton of, 24^ 
hmb-bones of, 172, 174, 196, 208, 

2t2 

muscles of, 321, 327, 3^6, 344, 351, 

, 353» 357, 359, 3^0 
skull of, 107, xiO, 117, 1 19. 
tongue of, 441. 

Lemur, Slow, spine of, iji 
Lemuroidea (.1 sub-order of Piimates), 
muscles of, 336, 356. 

Lemuroids, 15 

^ alimentary canal of, 448. 
cutaneous glands of^, 487 
Iiiib-bones of, 190 
liver of, 456 

mammary glands of, 489. 

Length of cranial cavity, ga, 
of intestine, 446. 

Lens, 387, 388. 
leopard, .spine of, 42. 

Lepidosircn, 20 
arteries of, 416 
breathing organs of, 462. 
circulation in, 421, 428, 429. 
excretory organs of, 483. 
lungs of, 465, 
muscle^ of, 311. 
nerves of, 391, 398, 
skull of, 97, 100, 108. 
spine of, 37, 39, 63. 

, Lepidosteus, 20 

exo-skeleton of, 241, 277. 
gills of, 480. 
skull of, 99, 113, 120. 
swim-bladder of, 465. 
l.«epilemur (a Lemuroid Primate), 
teeth of, 260. 

Lesser ischiatic notch, 180. 
sigmoid cavity, 149, 150, 
trochanter, 181, 182, 197. 
tuberosity, 148, 164. 


Lesser wing of sphenoid, 76, 94. 
Levator anguh oris muscle, 284. 

anguli scapula: muscle, 289, 290, 
3 Ji» .321. 

claviculse muscle, 313, 321, 325 
coccygis muscle, 341. 
labii superioiis alatque nasi muscle, 
283, 284 

iabii superioris muscle, 283, 284. 
menti muscle, 283, 284, 
palpebra: muscle, 284 
propnus alae nasi muscle, 284 
Levatores arcuum muscle, 310, 316. 

costarum muscles, 299, 317 
Liahs (a Saurian), 18 

limb-bones of, 187, 188, 196, 198, 

234 

muscles of, 358 
Ligaments of humerus, 165 
of jaw, 284. 
of liver, 451, 452 
Ligamentum nuch<c, 320. 

teres, 180, iBi, T97 
Limb- muscles compared, 361. 
Limb-nerves, 401 
Limbs, 2, 9 
pelvic, 231. 

primitive position of, 330, 232. 
serial subdivisions of, 231, 232 
thoracic, 230 
upper, skeleton of, 143. 

Liiiea aspera, )8i 
alba, 292, 299. 

Lineae transvcrsac, 298, 339, 364 
Lingual artery, 411. 

Linguaiis muscle, 286. 

Janguia sphenoulahs, 82, 108. 

Lining of stomach, 249 
Lion, 16. 

circulation in, 420. 
limb-bones of, 15O. 

Sea (or Sea-Bear), skull of, 130 
Lips, 433 -435. 

Little digit, 152. 

Liver, 445, 447, 450, 451, •154 -456, 4^^’ 
Li/ard, Flying, j8, 69. 

Frilled, 18, 237 

Lizards, ahmentary canal of, 446. 
brain of, 379 
circulation in, 419. 
cutaneous glands of, 488. 
ear of, 394 
exo-skeleton of, 256. 
of, 388. 

larynx of, 475. 

limb-bones of, 161, 162, 164, 165, 
171, 193, 205, 21^. 
nerves of. 402. 
peritoneum of, 459. 
skin of, 237. 

skull of, lOD— -loi, no, iJi, 121, 
124, 128, 133, 136. 



M. 


518 INDEX, 


Lizards, spine of, 54, 63, 66, 71. 
teeth of, 269. 
viscera of, 453. 

(Acrodont), teeth of, 256 
(Pleurodont), teeth of, 256, 257. 
Llamas, 17 

circulation in, 420. 
spine of, 50. 
thyroid ^land of, 484. 

Loach (a Teleostean Fish), swim- 
bladder of, 466. 

Lobes of cerebrum, 379. 
of kidney, 483. 
of hver, 451, 4<;2, 454—456. 
of lung, 464. 

Lobi inferiores, 381 
Lobsters, 7, 12 
Lobule, 393, 396. 

Lobules of lung, 465. 

Locus perforatus. 371. 

Locusts, 13 
Long-armed Ape, 15 
Long-eared Bat. 396. 

Longissimus dorsi muscle, 2^, 322. 
Longitudinal fissure of cerebrum, 366. 
of liver, 452. 
section of brain, 370 
Longus colli muscle, 288, 317. 
Lophiomys (a Rodent), skull of, 100, 
129, 133. 
stomach of, 445. 

Lophius, 20. 

limb-bones of, 191, 194. 

Loris, 15. 

Iimb-bones of, 19?, 195, 206, 207. 
muscles of, 332, 353 
teeth of, 261 
I.ower jaw, 74, 75, 121, 
limbs, 177. 
rib*!, 41, 224, 226 
zygoma, 227. 

Lucio-perca (a Teleostean Fish), 
swim-bladder of, 466 
Lumbar arteries, 414. 
enlargcm^mt of, 386. 
plexus, 400, 402. 
region, muscles of, 300. 
veins, 423. 
vertebra, 31, 51. 
vertebrae, 26. 

Lumbricales muscles, 295, 296, 307, 33T, 
332. 355. 358, 359 

Lunare, 150, 151, 167, 171, 173, 176. 
Lungs, 453, 461—465, 467—470. t 
Lymphatic duct, 430, 432, 
glands, 430, 431. 
hearts, 432 ♦ 
system, 430. 

Lymphatics, 406, 430, 432. 

Lyra, 373, 375. 

Lytta, 440. 


Macacus, skull of, 1x4. 

Macaw, skull of, 133, 139 

Macroscelides, x6. 

limb-bones of, 233. 
skull of, 105, X06, no, 142. 
teeth of) 267 

Magnum, os, X50, X51, 167, x68, 171 — 
173, X76. 

Magot, spine of, 59. 

Malacoptcrygian hn, 278 

Malar, 75— -77, 8s,xi5, 119, 121, 130, 227. 

Malar process of maxillary, 84. 

Malleoli, 183, 184, 202. 

Malleus, 393—396. 

Malpighian corpuscles, 481. 

Mammalia, 14, 15, 116 
origin of name, 489. 

Mammals, arteries of, 415, 429. 
brain of, 384. 
circulation of, 420. 
ear of, 394. 
heart of, 410. 
kidneys of, 481. 
muscles of, 363. 
nerves of, 402, 
peritoneum of, 458. 
respiratory actions of, 466. 
skull of, 102, 104, 109, no, 1 14, ti6, 
118, 120, X30, 135, 14X. 
supra-renal capsules of, 483. 
their differences from man, 493 

Mammary gland, 485, 489. •' 

Man, brain of, 366. , 

dentition of, 251. 

his difference from all other Pri- 
mates, 494 

from Batrachians, 491 
from Birds, 492 
from Fishes, 490 
from Marsupials, 494. 
from Monotremes, 493. 
from other Mammals, 494 
from other Vertebrates, 490. 
from Reptiles, 492 
from the highest Apes, 494 
from the lower Apes,^ 494 

Manatee, 16. 

alimentary canal of, 448. 
limb-bones of, 173. 
muscles of, 339. 
skull of, 14 X 
spine of, 47, 68. 
tongue of, 441. 

Mandible, 74, 86, 120, 226, 229. 

Mandibular arch, 93, 94. 
gland, 487. 
nerve, 397 

Mandrill, limb-bones of, 156. 
skull of, 132, 135. 

Mane, 243. 
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Manis, exo^skcleton of, 246. 
skull of, 1 16, 133. 
spine of, 58 
tongue of, 441. 

Man’s anatomy generally considered, 

4 ^ 

moral responsibility, 496. 
myology, peculiarities of, 361. 
nature m its totality, 497 
position in nature, 496. 

Manubrium, 34, 35, 65. ^SS 
Manyphes of Sheep’s stomach, 443. 
Marginal scutes, 239, 242. 

Mark of Horse’s tooth, 260. 

Marmoset, 15. 

Marmot (a Rodent), teeth of, 263. 
Marrow, spinal, 25. 

Marsipobranchii, 20 
breathing of, 466 
excretory organs of, 483. 
Marsipobranchs, mouth of, 435. 
nasal organs of, 381. 
nerves of, 405. 
spine of, 42. 

Marsupial bones, 190, 194. 

pouch, 489. 

Marsupiaha, 17, 

limb-bones of, 190, 194, 202, 208. 
Marsupials, 17. 

mammary glands of, 489, 490. 
muscles of, 336, 339. 
skull of, 109, 119, 122, 137, 142. 
teeth of, 264, 266. 271 
•their differences from man, 494. 
Marsupium of ej'C, 388 
Marlins, limb-bones of, 164 
Masseter muscle, 114, 283 — 285, 309- 
311, 316. 

Mastoid, 75, 76, 88, 104, 133 
Matamata Tortoise, 19, 
skull of, 128. 

Maxillary arch, 94, 
artery, 418, 

bone, or maxilla, 75, 84, 100, 10 
104, 108,113, 114, 117, 119, 121, 
129, 130, 134, 227. 
sinuses, 93, 140, 142 
Meat, 281. 

Meatus audftorius internus, 80, 90. 

exiernus, 80, 393, 394. 

Meckel’s cartilage, 95, 144. 

Median nerve, 400, 401. 

part of ethmoid, 76, 83, 91, 93, 94, 
98, 104, 111, 117, 129, 134, 227. 
Mediastina, 463. 

Medulla oblongata, 367, 368, 370, 371, 
, 376. 377 » 384, 3<p* 

Megaderma (a Bat), nasal organs of, 
380. 

Megalosaurus, 19. 

Megaptera (a Cetacean), 199. 
Megatherium, 17. 


Membrana semilunaris, 464. 

tympanoformis, 469 
Membranes of brain, 365. 

Membranous labyrinth, 394. 
Menobranchus, 19, 216, 219. 

f fills of, 479. 
imb-bones of, 195 
mouth of, 436. 

muscles of, 310, 314—317, 310. 
320, 322, 327, 329, 337, 345, 349, 
35X, 357 
spine ot, 47, 60 
teeth of, 254. 

Menopoma, 19, 216. 
lungs of, 465. 

muscles of, 310, 311, 314, 317 — 310, 
321, 322, 326, 327. 329. 337» 338, 
340* 345* 348, 350, 35t. 353, 356, 
357- ^ 

nerves of, 402, 403. 
spine of, 58 
trachea of, 468. 

Mental foramen, 86 
Merganser la Carinate Bird), trachea 
of, 469. 

Merlangus (a Teleostean Fislil, ca^a 
of, 450. 

Mermaids, 489 
Mesenteric arteries, 414, 421. 
Mesentery, 221, 458 
Meso-coracoid, 161 
Meso-cunciforinc, 185, 186,208, 211 
Meso-scapular segment, 156, 16^), 

161. 

Mesostermim, 66. 

Mctacarpals, 150, 151, 168, 173. 
Metacarpus, 145, 172 
Metacromion, 155, 156, 159, 160 
Metapophyses, cervical, 50. 
Metapophysis, 31, 226 
Meta-pierygoid, 103, 131, 227. 395, 390 
Metatarsals, 167, 185, 200, 205, jcuj, 

213 

Metatarsus, 177, 186, 209. 

Mice, 16. • 

hmb-bones of, 161. 
spine of, 65 
Microcebus, 15. 
skull of, 107. 
teeth of, 258. 

Mid-brain, 373, 377. 

Middle commissuie, 371 -373. 374 
digit, 125 

%ssaof skull, 89, 137. 
sacral nerve, 422 
Milk-teeth, 250, 252, 272. 

Millepedes, 9. • 

Mitral valve, 407. 

Mixed joints, 24. 

Molar teeth, 1 14. 

Molars, 251, 263, 264, 

Mole, 16. 
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Mole, eye of, ^88. 

hmb-bones of, 154, 156, 158, r6o, 
164, 168 — 170, 174, 176. 
muscles of, 309, 320, 321, 326. 
skull of, 106, Tii, 131, 138, 142 
spine of, 65, 73, 217 
teeth of, 261, 263, 265, 268. 
thyroid gland of, 484. 
tongue of, 440. 

Mollusca, 6, 9, 12 
Molluscoida, 7, 12. 

Molossus (a Hat), limb-bones of, 202 
Monachus (a Seal), skull of, 112 . 
Monitors, 18. 

cutaneous glands of, 488. 
liinb-bones of, 161, 175, 205, 213 
thyroid gland of, 484 
Monkeys, callosities of, 240 

hmb-bones of, 173, 174, 212. 
mouth of, 43^1. 
muscles of, 332. 
skull of, 10 1, 138, 141 
spine of, 38, 58. 
stomach of, 443. 

Monkeys, Amentan, skull of, 132 
Howling, skull of, 124, 134, 138. 

spine of, 50, 65, 60 
Spider, skull of, 13O 
spine of, 50, 58, 72. 

Squirrel, skull of, 137, 138 
Monodelphia, 15. 

Monodelphoiis Mammals, ear of, 394. 
teeth of, 264. 

Monopterus (a Teleostean Fish), cir- 
culation of, 429. 

Monotremata, 18. 

Monotremes, alimentary canal of, 44S 
circulation of, 426 
ear of, 394. 
glands of, 438, 

hmb-bones of, 154, 158, 161, 168, 
190, 194. 195. 
muscles of, 339 
skull of, yo 

spine of, 41, 51, 54, 63, 65, 67, 6y 

~7i. 

their difference from man, 493 
Mormyrus (a Teleostean Fi:»h/,siojnach 
of, 445. 

Motions of muscles, 281, 

Mouth, 433—435- 
of Whale, 248. 

Movable joints, 24. ^ 

Mucous membrane, 237. 

Mucus of skin, 488. 

Mud-fish (Lepidosiren), 20 
breathing organs of, 462. 

Mullets, mouth of, 435. 

Multifidus spine muscle, 291. 

Muntjac, teeth of, 262. 

Muraena (a sort of Eel), -teeth of, 
257- 


Muscles, 281.^ 

classification of, 282 

of abdomen, 297, 298, 337 

of arm, 327, 328, 330, 333—335 

of back, 389, 290, 319. 

of eyeball, 285. 

of foot, 307, 357, 358. 

of fore-arm, 294 

of hand, 297, 336 

of head and neck, 283, 284, 308 

of hyoid, 286. 

of inferior extremity, 300, 340. 
of leg, 303, 304. 351, 352, 354, 355. 

360 

of lumbar region, 300. 
of nasal region, 309. 
of orbit, 3J0. 
of jialatc, 289. 
ot pelvic region, 300 
of shoulder, 293 
of tail, 323, 324, 364. 
of thigh, 301, 302, 344. 
of tongue, 286. 
of trunk, 292. 
of upper arm, 293, 324. 
of upper extremity, 291. 
of vertebral region, 317. 
of viscera, 282, 283 
serial homology ot, 361 
Muscular cones, 323, 324, 364. 
tissue, 281. 

Musculo-spiral groove, 148. 
Musculo-spiral nerve, 400, 401. • 

Musk Deer, 17 

cutaneous glands of, 487. ' 

lungs of, 464. 
teeth of, 262. 

Mycctcs, 15. 

larynx of, 473, 474 
hmb-bones of, 156 
spine of, 50, 54, 65, 66. 

Myhobatis, yo. 

teeth of, 269, 270. 

Mylodon, 17 

Mylo-hyoid muscle, 310,314-^316,439 
Myogalc (an lusectivore), spine ol, sh. 
Myology, general conceptions of, ^64 
Myrmecobius (a Marsupial?), teeth of, 
263. 

M yrmecophaga (an Ant-eater), 17. 
glands ot, 439. 
nasal organs of, 380., 
skull of, 130. 
spine of, 46 
stomach of, 444 
Myxine, 20 

circulation of, 426. 
ear of, 394. 
eye of, 388. 
gills of, 476. 
nasal organs of, 381. 
nerves of, 405. 
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Myxine, peritoneum of, 458. 
teeth of, 257 

Myxinojcls, heart of, 410. 
mouth of, 435. 
skull of, 113 
unnary organs of, 481- 


N. 

Nails, 236, 238. 

iormation of, 244. 

Nakedness of skin, 243. j 

N ares, anterior, 7b. 
posterior, 76, 88. 

Narwhal, 16. 

spleen of, 484. 
teetli of, 257, 262. 

Nasal artery, 413. 

bone, 75, 76, 85, 91, 100, J03, 1 14, 
116, 117, 121, 227. 

‘ cavity, 380 
lossae, 92, 139 
process, 84. 
region, muscles of, 309 
spine, 84 
vein, 391. 

Nates, 371—373* 

Nature of man as a whole, 497. 

Naviculare, 184 — 186, 204, 205, 207, 
209, 210 

N eck, muscles of, 233, 308. 

• ot a bone, 24. 

of femur, 18 1, 182, 196# 

•of mandible, 86. 
of radius, 148. 
of nb, 35, 70, 216- 
of scapula, 146. 

\er\*e, auditory, 392. 
chorda tymiiani, 80. 
eighth, 396. 
facial, 80, 396. 
fifth, 82, S3, 105, iro, 391. 
fourth, 83, 390. 
glosso-pharyngeal, 88, 397. 
hypoglossal, 7S, 98, 132, 399 
ninth, 399. 

olfaqtory, 380 {See Olfactory 
Ner”e). 

optic, 83, ,387 {See also Optic 
Nerve>. 
par vagum, 88. 
seventh, 105, 396. 
sixth, 83, 390. 
spinal, 399. 
spinal accessory, 88. 
third, 83, 390 

Nerves, development of, 404. 
of the arm, 401. 
of the leg, 402. 
of special sense, 399, 
origin of the, 390, 


Nerves, roots of, 399. 

Nervpus centres, 4. 

system, 365, 400, 405. 

Nervus impar, 38b. 

lateralis, 397 — 399, 428. 
vagus, 397, 398. 

Neural arch, 2b, 226. 
canal, 218. 
lamina, 27. 

spines, 27, 217, 226, 239, 242 
spines, expanded, 239. 

Newts, 19. 

Nictilating membrane, 389. 

Night-ape (an Ainencan Piimate), 
skull ol, 138. 

Ninth nerve, 399. 

Nipples, 489 

Noctilio (a Hat), limb-bones of, 207. 

Noctulc Hat, liver of, 455 

Nose, 380, 434. 

Nose-leaf, 380. 

Nostrils, anterior, 76. 
posterior, 76 

Notochoid, 5, 12, 36, 218 

Nyclicebiiia;, muscles ol, 331 

Nycticebus, 15 

hmb-bones of, 201. 
muscles of, 321, 3^0, 332, 334, 340, 
354. 35 ^ 358. J‘->2* 
teeth ot, 

Nyctipithccus(an American Ape), skull 
of, 132, 138. 

Nuchal plate, 238, 242. 

Number of mamma-, 489 
of skeletal pruts, 214. 
ol teeth, 257 

O. 

Obliquus capitis muscle, 291. 
iiifcriui muscle, .sBO 
superior muscle, 285 
tei lilts muscle, 342, 343 

Obturator lorainen, 17b, 100, 189. 

exiernus muscle, §00, jo-j, 342, 344. 
internus muscle, 301, 302, 342, 344. 
tertius muscle, 342, 343 

Occipital angle, 92, 135, i:>b. 
bone, 75, 77, 88, 91, 97. 
condyle, 75, 114, 117. 
foramen, 74, 77. 
gland, 486 
region, 77 

Otcipiio-lioiJialis muscle, 283, 308., 

Occiput, 74. 

Octopus, 6 

Odontaspis (a Shark), teeth of, 269. 

(Jdontogiossum (a Teleo.stcan li'ish), 20. 
teeth of, 255. 

O<^opl;oicl bone, 54, 2? 7. * 
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(Esophagus, 299, 398; 431, 433, 441— 
^ 445, 447, 448, 463. ^ 

Olecranon, 149, 150, 165, 167, 168. 
Olfactory angle, 92, r3s, 136 

lobe, 369, 375, 377, 379, 382, 384 - 
nerve, 368, 369, 380, 390. 
organ, 380. 

Olivary body, 367. 

Omentum, 458, 459. 

Omohyoid muscle, 287, 288, 313,315 — 

^317- 

Omosternum, 147, 160, 161. 
Omphalo-meseraic veins, 423, 425. 
Oolite, bird of the, 18- 
Opah Fish (a Teleostean), 159, 194. 
Opeiting of external auditory meatus, 
^ 75 - , 

Operculum, 103, 476. 
muscles of, 319. 

Opetiorhynchus (a Carinate Bird), 
trachea of, 470. 

Ophidia, 18. 

Ophiodes (a Saurian), 187, 188, 199, 
203, 204, 210, 212 
Ophiomorpha, 19. 
lungs of, 464. 
trachea of, 468 
Ophthalmic artery, 413 
nerve, 391 

Opisthocoelous vertebrse, 39 
Opisthotic, 8i, 100, 106, 227 
Opossums, alimentary canal of, 448. 
limb-bones of, 212 
mammary glands of, 489. 
muscles of, 343, 353, 356 
skull of, 105, 122, 137. 
spine of, 43, 50. 
teeth of, 2^. 

Opponens digiti minimi muscle, 296, 

297, 336- 

hallucis muscle, 359 
muscles, 362 

polhcis muscle, 294, 296, 297, 336. 
Optic commissure, 369. 

foramen, 76,(82, 108, no, 137. 
lobes, 382 — 385 

nerve, 83, 368, 371, 384, 387, 390. 
nerves, chiasma of, 285 
thalamus, 373, 374, 378, 390. 
tracts, 369, 387. 

Orang, 15. 

larynx of, 474. 

limb-bones i6g, 197, 201, 207, 
212 * 

mouth of, 435. 

muscles of, 332, 356, 359, 362. 
skull of, 1 16, i'32. 
spine of, so, 66. 
thyroid gland of, 484. 
tongue of; 441. 

Orbicularis ons muscle, 283, 285. 

palpebrarum muscle, 283, 2*84, 309. 


Orbital muscles, 310. 
plate of frontal, 90. 
plate of sphenoid, X09. 
wings of sphenoid, 82, 83, 90. 
Orbito-sphenoid, 98, no, 130, 227. 
Orbits, 76, 138. 

Order, 5. 

Organic world, 5. 

Organisms, 5. 

Organs of man’s body, 21. 

^ of sense, 365. 

Origin of muscles, 281 
Ornithodelphia, 18. 

ureters of, 482. 

Omithorhynchus, i8.| 

alimentary canal of, 449, 460. 
brain of, 366 

cutaneous glands of, 487. 
exo-skeleton of, 247. 
glands of, 438. 
larynx of, 473 

limb-bones of, 197, 199, 201, 203, 
206 — 208, 211, 220. 
lungs of, 464. 
mammary glands of, 489. 
mouth of^ 435, 436 
muscles of, 339» 342i 354- 
skull of, 100, 115, 136, 137. 
spine of 48. 
spleen of, 484. 
stomach of, 445. 
tongue of, 44t 

Orycteropus, 17. ^ 

teeth of, 276, 277. 

Os articulare, 396. 

calcis, 186, 204, 205. 
cloacae, 195. 
en ceinture, too, 112. 
femoris, 177. 

hyoides, 87, 123, 125, 286, 429, 434, 

. 47i»473- 

innominatum, 177 — i8o. 
magnum, 150, 151, 
planum, 84. 

quadraium, 103, 104, to8, 119, 120. 
transversum, 121, 131, 227. 
Osseous Fishes, auditory organ of, 

exo-skeleton of, 277. ** 

gills of, 479 
respiration of, 478 
skull of, loi, 108, ni, X20, 121, 
124, 139, 144, 159. 

^ine of, 59 
Ossification, 23. 

of epidermis, 239. 
of skull, 95. 
of spine, 6t, 

Osteoglossum (a Teleostean Fish), 
teeth of, 2^. 

Ostracion (a Teleostean Fish), 20, 
muscles of, 362. 
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Ostrich, i8. 

alimentary canal of, 447. 
limb-bones of, 161, 175, 188, 192, 
194, 198, 200, 202, 205, 210, 212, 
213. 

lympnatics of, 432. 
skull of, 104, 120, 142. 
spine of, 57, 66, 

Otana, 16. 

Otocrane, 138 
Otter, 16. 

liver of, 456. 
thyroid gland of, 484. 

Outside of skull, 87 
Oviduct, 447. 

Owen’s Chameleon, exo-skeleton of, 
245 

Owl, eye of, 389. 

Ox, 17. 

circulation of, 420. 
exo-skeleton of, 245. 
horns of, 279. 

‘ limb-bones of, 202, 207 — 209, 211, 
212. 

muscles of, 353. 
skull of, 99, 129, 135. 
spine of, 41, 43, 55 
teeth of, 261, 262, 269. 
Oxygenation of blood, 427. 

Oyster, 6. 

P 

Paca (a Rodent), car of, 394. 

,skull of, 113, 133, 142. 

Palamedea (a Carinate Bird), exo- 
skeleton of. 247. 

Palatal muscles, 319 
Palate, 434, 436. 
soft, 289. 

Palatine arch, 229. 

bones, 85, 91, 1 1 8, 119, 130, 227. 
canal, 84, 85, 88. 
plate of maxillary, 84, 91. 
teeth, 254. 

Palato-glossus muscle, 289. 
Palato-pharyngeus muscle, 289 
Palmans brevis muscle, 294, 336. 

longift muscle, 294, 295, 329, 331. 
Palpebral muscle, 308. 

Pancreas, 433, 447, 449, 453, 484. 
Pancreatic duct, 449, 452 
Pangolins, 17. 

exo-.skeleton of, 24C, 254. 
limb-bones of, 213. 
skull of, Tt7. 
spine of, 58, 66. 
tongue of, 441. 

Panniculus carnosus, 308. 

Papilla of tooth, 249. 

Papillae ol feathers, 243, 34i^, 
of tongue, 441. 


Par vagum nerve, 88, 398. 

Parachute-like stem-folds, 236. 

Paramastoid, 99, 114, 132. 

Parapophyses, 216, 220, 226. 

Parasites, 7. 

Parasphenoid, loi, 104, 108, 227. 
teeth, 254. 

Paraxial arches, 219, 221. 
cartilages, 218. 
muscles, 362 
parts, 224, 226. 
processes, 216. 

Parietal bone, 75, 76, 79, 90, 91, 98 — 
100, 104, 111, 1 17, 121, 129, 134. 
227. 

region, 77. 
region, duct of, 284. 

Paroccipital, 99, 107, 132 

Parotid gland, 436 — 438. 

Parotoid glands, 488. 

Parrot Fishes, 20. 
teeth of, 272, 27 3. 

Parrots, limb-bones of, 210. 
liver of, 456 
skull of, 101, 103, 128. 
trachea of, 470. 

Patella, 183, 19B, 200, 203, 209. 

Paunch of Sheep’s stomach, 443, 444 

Peccaries, 17. 

Peccary, limb-bones of, 212 

Pccten, 13. 
of eye, 388. 

Pectineus muscle, 302, 303, 343, 344, 
346. 

Pectoral fin, muscles of, 319, 363. 

Pectorahs major muscle, 291— -293, 320, 

325- 

minor muscle, 291, 292, 326. 
muscle, 313, 3* 5> 327* 

Peculiarities of man’s myology, 361. 

Pedetes (a Rodent), skull of, 105, 115. 

l*edicle of a vertebra, 27. 

Pelican, lunb-bones of, 164 

Pelobates (an Anourous Batrachian), 
cutaneous glandl^ of, 488. ^ 

skull of, 133. 

Pelvic limbs, 231 

region, muscles of, 300. 

Pelvis, 180, 191, 194. 

Penguin (a Carinate Bird), limb-bones 
of, 153, 166. 
spine of, 47. 
trachea ol, 469 

P^meles, limb-bones of, 175, 176. 
teeth of, 265 

Perch, brain of, 379, 381. 
circulation of, 4 J«. 
gills of, 477— 479- 
limb-bones of, 152, 162, 194. 
muscles of, 319, 363. • 
respiration of, 479. 
skull of, 97, T03, lo,^. 
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Perch, swim-bladder of, 466. 

teeth of, 255, 265. 

Perch, Climbing, 480. 

Pericardium, 407, 4T0. 

Periotic mass, 106. 

Peripheral skeleton , 23 
Perissodactyla, i6 
Peritoneum, 221, 410, 433, 457—459* 
Permanent teeth, 250. 

Perodicticus (a Len)uroid Primate), 
limb-bones of, 172, 206. 
spine of, 50. 
teeth of, 261. ^ 

Peroneal artery, 412, 414. 
bone, 177 
nerve, 400. 
trochanter, 18 1. 

Peroneo-tibial muscle, 356, 3ry> 
Peroneus brevis muscle, 304— 306, 352, 
, 353 

longus muscle, 304— *306, 352, 353, 
362. 

muscle, 346, 347, 354, 355, 357, 
360 

quart! digiti muscle, 353. 
quinti digili muscle, 353. 
teituis muscle, 304, 353, 361. 
Petrodromus (an Inscctivore), teeth of, 
261. 

Petromyron, 21. 

Petrous part of temporal bone, 88 90, 
104. 

Phalanges, 17, 145, 150, 157, 167, 173, 
175—177, 187, 209. 
limb-bones of, 202, 208, 212. 
Phalangista (a* Marsupial), 210 
muscles of, ^56. 

Pharyngeal bones, 478. 

constrictor muscles, 288. 
muscles, 318 
teeth, 255 

Pharyngobranchials, 126, 227, 447, 448 
Pharyngobranchii, 21. 

Pharynx, 433, 4^4, 441 
Phascogale (a Marsupial), mammary 
glands of, 489 

Phascolomys (a Marsupial), 165. 
Pheasant, spine of, 67. 

Philosophy, 497 
Phoca (a Seal), 16. 

muscles of, 334, 351, 353. 
Phyllomedusa (an Anourous Ratra- 
chian), tongue of, 440. 

Phyllostoma, i6 

nasal organs of, 380. 

Physeteridae (a group of Cetaceans), 
spine of, 44 
Physical Science, 497. 

Pia mater, 365, 366. 

Pig, limb-bones of, 171, 174. 
mammary glands of, 490, . 
jnouth of, 436. 


Pig, muscles of, 309, 327, 328, 333, 340, 
34 < 5 , 35 1 > 354 . 358 . 
pancreas of, 449. 
skull of, 104, 137. 
spine of, 65. 
stomach of, 443. 
tongue of, 44 T. 

Pigeon, alimentary canal of, 442. 
brain of, 383, 384. 
crop-secretion of, 490 
liver of, 456. 
skull of, 120. 

Pigeon’s milk, 490 
Pike, 20. 

skull of, 97, 105, io6, 108, 109, 113, 
J 37 , 139. 

teeth of, 256, 257. 

Pilchard, ewea of, 450. 

Pillars of diaphragm, 299. 

Pineal gland, 371 — 373, 376, 377, 387 
—384, 390. 

Pinna of ear, 393, 396. 

Pinnipedia, i6 
Pipa, ear of, 394. 

limb-bones of, i6t 
tongue of, 440 
Pipistrelle Rat, 158. 

Pisces, 15. 

Pisiforme, 150, 151, 167, 170, 173. 
iht for hgamentum teres, 182, 197 
for flexor longus riigitorum, 198 
for popliteus, 198 
Pithecia, 15. 

exo-skeleton of, 24-^. 
liver of, 455. 
skull of, loT, 132. 
teeth of, 258. 

Pituitary body, 368, 369, 371, 374, 377, 
^ 384, 39 f> 

fossa, 8r, 82, 90, 94, 98, 369. 

Pivot joints, 24. 

Plantar fascia, 354. 

Plantaris muscle, 305, 306, 352, 354, 
,^,355 

Plastron, 64, 240, 242. 

Pl.itanista, 16 

Platax (aTcleostean Fish), spine of, 68 
teeth of, 269 ^ 

Plates of baleen, 248, 249. 

Platypus, 18. 

muscles of, 317. 
spine of, 5 i, 54. 

Platysma myoides muscle, 282, 283, 
286, 308, 320. 

Piecotus (a Bat), auditory organ of, 

Plesiosauria, spine of, 62, 70* 
Plesiosaurus, 19 

hmb-bones of, 199, 213, 234 
Plcthodon (a Urodele Ratrachian), 
teeth of, 255. 

Pleura, 462. 
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Pieurodont Lizards, 257, 
teeth of, 256, 257. 

Pleuronectida;, 20. 
eyes of, 389. 
skull of, 128. 
swim-bladder of, 466. 

Pleuro-pentoneal cavity, 218, 221. 

Pneumogasiric nerve, 368, 398. 

Poison fangs, 270, 271, 438. 
glands, 438 

Poisonous Serpents, 438. 
spine of, 42. 
teeth of, 275. 

Pollex, 151, 176. 

Polyophthalmus, 13. 

Polypi, 7. 

Polypterus, 20. 
cajca of, 450. 
exo-skeleton of, 241 
spine of, 40, 41, 72, 219, 220. 
swim- bladder of, 465. 

Pqns Varoln, 368, 370, 371, 377, 384 

Pohtopona, 1 6 
teeth of, 257 

Popliteal nerve, 400 

Pophteus muscle, 306, 354, 355, 360 

Porcupine, 16. 

exo-skeleton of, 243. 
lungs of, 464. 
skull of, II4, 116, 122. 
teeth of, 259, 275. 
tongue of, 441. 

•Porcus (a Hog), teeth of, 262. 

Porpoise, 16. 

• alimentary canal of, 446, 448. 
breathing organs of, 462. 
circulation of, 421, 425. 
exo-skeleton of, 243, 245, 247. 
larynx of, 473, 4/4- 
limb-bones ot, 156. 
muscles of, 308, 309, 323, 340. 
nasal organs of, 381 
skull of, 104, 109, 1x2, XI 3, 116, 
122, 129 

spine of, 47, 48, 220. 
stomach of, 443. 
teeth of, 272. 

Portal ipirculation, 4, ta, 422, 423, 

451. 

fissure, 452, 454. 

system, 427. 

vein, 422, 423, 425, 426. 

Porteagle Shark, circulation of, 421. 

Portio dura, 368, 392. 
mollis, 392. 

Portuguese man-of-war, 7. 

Position of mammae, 489. 
of man in nature, 496. 
primitive, 230, 232. 

Positions of limbs, x66. 

Post-axial parts, 37 

Post-clavicle, i6a. 


Posterior auricular artery, 4x1, 413. 
auricular muscle, 308. 
commissure, 371 — 373. 
cornu, 373, 379. 
fossa of skull, 89, 1 37. 
inferior spinous process, 178, 179. 
nares, 76, 88. 
scalenus muscle, 287, 288. 
superior spinous process, 178, 179. 
tibial artery, 4x2, 414 
tibial nerve, 400, 402. 

Post-frontal, xox, iii, 121, 134, 135, 227, 
Post-orbital, 104, 119 
Post-scapular fossa, 155, 157. 
Post-temporal, 103, 162. 
PosUygapophysis, 28, 2x7, 226- 
Potto (a Lemuroid Primate),hmb-bones 
of, 174, 207. 
spine of, 41, 54 
Pouch, Marsupial, 489 
of Hippocampus, 490 
Pre-axial parts, 37 
Pre-coracoid, 160^x62. 

Pre-frontal, 103, 104, 121 
Pre-maxilla, 98, 100, 103, 104, 108, X14, 
117, 119, 121, 129, 130, 134, 227. 
Pre-molar teeth, 114. 

Pre-molars, 251, 253. 

Pre-operculum, xo2, 103, 227. 
Pre-scapular fossa, 15 7. 

Pre-sphenoid, 95, 108, 109, 227. 
Pre-sphenoidal part of sphenoid, 82. 
Pre-sternum, 35, 155. 
Pre-zygapophysis, 28, 217, 226. 
Primates, muscles of, 3^6, 351, 353. 
mammary glands of, 490. 
spine of, 58. 

tneir differences from man, 494. 
Primitive position of limbs, 230, 232. 
Pnodoii (an Armadillo), teeth of, 257. 
Priodontes (an Annadillo), limb-bones 
of, 175- 
spine of, 51, 52 

Pnstipoma (a Teleostcan Fish), skull 
of, 1x7. • 

Pnstis (Saw-fish), exo-skeleton of, 277. 

liver of, 456. 

Proboscis, 435. 

Proboscis Monkey, 15. 

Processus gracilis, 394. 

Proccelous vertebrae, 39. 

Pronation, 149, 1^. 

Pronator accessorius muscle, 333. 

• brevis muscle, 320. 
longus muscle, 32a 
quadratus muscle, 295, 296, 333, 

rid^ge, 147. , 

teres muscle, 294, 325, 329*~33*> 

Prong^ocit (an Antelope), 245, 246. 
Pronghorned Af?tclope, 246, 246. 
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Pro-otic, 81, 98, 100,103, 104, 106, 108, 

X2X. 

Protein, 2. 

Proteles (a Carnivore), tongue of, 441. 
Proteus, 19. 
larynx, 475. 

limb-bones of, 173, 174, 193, 203, 

2IX, 2X2. 

nerves of, 402. 
teeth of, 254. 
thymus gland of, 485. 
urinary organs of, 482. 

Protogenes, 8. 

Protomceba, 8. 

Protozoa, 8, ii. 

Protractors (muscles), 282. 
Proventriculus, 443, 447. 

Proximal bones of carpus, 169. 
of tarsus, 205. 

Psalterium of Sheep’s stomach, 443, 
444. 

Psammosaurus (a Lizard), X95. 
limb-bones of, 165. 

Pseudis (an Anourous Batrachian), 
limb-bones of, 161. 

Pseudo-bianchia, 421. 

Psoas magnus muscle, 300, 302, 340, 343 
parvus muscle, 300, 340. 
Psychology, 497 
Pterodactyles, X9. 

limb-bones of, 174. 
spine of, 47, 61. 

Pteromys (a Rodent), muscles of, 320. 
Pteropus, 15. 

larynx of, 474. 

limb-bones of, 164, 169, 170, 174, 
198. 

mammary glands of, 489 
muscles of, 333, 346, 356. 
skull of, 119, 123. 

Pterosauria, 19. 

teeth of, 276. 

Pterotic, 103, 106, 227. 

Pterygoid, 75, ^2, 91, 100, 104, 108, 
III, 119, 121, 130, 134, 227 
fossa, 83, 88. 
muscles, 285, 310. 
Pterygo-maxlllary fissure, 89, 134 
Pubic symphysis, 179, x8o. 

Pubis, 177—180, 189,191, 194, 198, 231. 
PubO'Coccygeus muscle, 324, 342. 
Pubo-ischium, 187, 193, 196, 198. 
Pulmonary artery, 407, 408, 410, 4J1, 
4x5, 417—420, 4?4, 463,468. 
sacs, 31, 471. 

veins, 407, 408-, 421, 463, 468. 

Pulp cavity, 275. 

of tooth, 249. 

Pygal plate, 239, 242. 

Pygopus (a Saurian), 208. 

Pylonc caeca, 450. 

Pylorus, 442» 444» 448, 450. 


Pyramidalis muscle, 298, 299, 339. 

nasi muscle, 384. 

Pyramids of brain, 367, 

Pyriformis muscle, 300, 30X, 342. 
Python (a Serpent), limb- bones of, 188 
skull of, 101, Z03, 142. 
spine of, 68. 
thyroid gland of, 485. 


Q. 

Quadrate, X03, 104, zo8, 1x9, x2o, 121, 

134. 227 

arch, muscles of, 363. 
Quadrato-jugal, xoo, xo8, X19, 133, 134, 
227. 

Quadratum, 396. 

Quadratus femoris muscle, 301, 302, 
342. 

lumbonim muscle, 299, 300, 339, 

niculantis muscle, 3x2. 

Quadriceps extensor muscle, 303, 344. 


R. 

Rabbit, 16. 

brain of, 378, 382. 
circulation of, 4^5 
exo-skeleton of, 248. 
limb-bones of, 160, 200. •> 

mouth of, 435. 

muscles of, 336, 340, 345, 351, ^^53, 
354. 357, 358. 
pancreas of, 449. 
skull of, 122 
teeth of, 259. 
tongue of, 441. 

Rachiodon (a Serpent), 42. 

teeth of, 276. 

Racoon, 16. 

muscles of, 339. 
skull of, 136 
Radial artery, 412, 4x3. 
carpal bone, 170, 175. 
nerve, 400. < 

symmetry, xo. 
tuberosity, 148, 164, 165. 

Radius, 148, 166— 168, 170, 171, 176. 
Raia, 20. 

limb-bones of, 152—154, 157,158, 
230. 

spine of, 38. 

Ramus of mandible, 86. 

Rana (Frog), limb-bones of, 208. 

Rat, x6. 

mouth of, 435. 
skull of, X22. 
teeth of, 259, 263, 275. 
tongue of, 441. 
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RatitSB, x8. 

limb-bones of, 159. 

Rat-mole, 16. 

Rattlesnake, larynx of, 475. 
scales of, 246. 
skull of, 104. 
spine of, 46. 
tail of, 247. 
teeth of, 270. 

Raven, trachea of, 470. 

Rays, 20. 

brain of, 379, 382, 384. 
breathing organs of, 466. 
car of, 394. 
exo-skeleton of, 277. 

S 'lls of, 476. 

nb-bones of, 152 
hyer of, 454. 
muscles of, 363. 
nerves of, 401. 
skull of, 129. 

, spine of, 53. 

* teeth of, zCg, 270. 

Really compound teeth, 276. 
Receptaculum thyli, 430 — 432. 

Recti muscles, 285. 

Rectum, 442, 446, 453. 

Rectus abdoinmis muscle, 298, 315, 

339 

* capitis aniicus muscle, 288, 313, 


capitis posticus muscle, 291, 323 
^ femoris muscle, 302, 303, 318, 345, 

346 

• lateralis muscle, 288, 317. 
Recurrent nerve, 398. 

laryngeal nerve, 429. 

Regions of the skull, 77, 

Reindeer, horns of, 279. 

Relation of scutes to scales, 241. 
Relative importance of axial and ap- 
pendicular skeletons, 234. 

Renal artery, 412, 414, 480 
organs, 481. 

Rennet, 443 

Reptiles, alimentary canal of, 447. 
brain of, 382. 
circidatiou of, 425, 427 
cutaneous glands of, 487. 
glands of, 438 
heart of, 410. 

limb-boues of, 154, 167, 169, 170, 
17s, 188, 190, 191, 192, 193, 195, 
196, 206. 

lymphatics of, 432. 
mouth of, 435. 

muscles of, 313, 314, 318, 323, 324, 
339— 342> 344. 348. 349, 358, 359, 


363. 

pancreas of, 450. 
peritoneum of, 458. 
skin of, 238. 


Reptiles, skull of, 101. 103, 113, T17, 
120, 121, 127, 131, 13s, 139, 14T. 
spine of, 52, 64. 

their differences from man, 492. 
tongue of, 440 
trachea of, 469. 
ureters of, 482. 

Reptilia, 15, 18. 

Respiration, 461. 

aquatic, 475 
Restiform bodies, 382. 

Restifonn tracts, 367. 

Rete Malpighii, 486. 

mirabile, 420 — 422, 425, 466 
Reticulum of Sheep’s stomach, 443, 
444. 

Retina, 387. 

Retractors (muscles), 282. 

Retrahentes auriculani muscle, 28 
284. 

costarum muscle, 340. 
Rhamphorhynchus, 19. 

Rhea, 18 

limb-bones of, 183, 193, 205, 212. 
spine of, 39, 55. 

Rhinoceros, 16 

cutaneous glands of, 487. 
horn of, 245. 

limb-bones of, 173, 174, 196 197, 
211, 212 
liver of, 456. 
skull of, 118, 140. 
skill of, 237 
spine of, 58, 71. 

Rhinolophus, 16 

nasal organs of, 380. 

Rhomboideus muscle, 289, 290, 321, 
328. 

Rhynchocyon (an Insectivorc), 208 
stomach of, 445 

Rhythmical contractility, 427, 432. 
Ribs, 35, 67, 2i6, 217, 221, 223, 242 
expanded, 239 
Right auricle, 407, 408 
lung, 407. • 

ventricle, 407, 40S, 

Right Whale, mouth of, 435. 

spine of, 53, 66 
Ring digit, 152 
River Hog, teeth of, 275, 

Rodentia, 16 
Rodents, bronchi of, 469. 
hml>bones of, 190. 

• mammary glands of, 490. 
mouth of, 436. 
muscles of, 309. 
skull of, 99, 115, 122, x6o. 
spleen of, 484. 
teeth of, 2(13. 

Root of aorta, 412. 

Roots of nerves, 399. 
of spinal nerves, 385. 
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Roots of teeth, 251. 

Rostrum of Saw-fish, 277. 

Rotator fibulae muscle, 356. 

Rotatorcs spin® muscle, 291. 

Rotators (muscles), 282. 

Rotular surface, 197 
Round ligament, x8o. 

of liver, 452. 

Rumen, 443 

Ruminant detention, 262, 268. 
Ruminants, brain of, 378. 
bronchi of, 469. 
cutaneous glands of, 486. 
limb- bones of, 166, 167, 174, 196— 
198, 200 — 202, 206. 
mammary glands of, 489. 
muscles of, 314, 317, 329, 333, 343 
3 so 

skull of, 99, 102, no, 118,122, i29j 
139. 142. 
spine of, 39, 58. 
teeth of, 272 
trachea of, 468. 

Ruminants, Hollow-horned, 245, 
Rumination, 444. 


S. 

Saccnbranchus (a Teleostean Fish), 
gills of, 480. 

Saccopteryx (a Bat), cutaneous glands 
of. 487. 

Sacral artery, 414. 
plexus, 400, 402. 
veitebr®, 27. 
vein, 422. 

Sacro-coccygeus muscle, 324, 340 

Sacro-Iumbalis muscle, 290, 291, 322. 

Sacro-sciatic ligament, 180, 189, 193, 
301. 

Sacrom, 32, 55-57* I79» t8o, 194 

Sagittal section, 91 
suture, 77 

Saiga, 17. c 
skull of, 129. 

Saimiri (an American Ape), 379. 

Salamander, limb-bones of, 170—172, 
195, 203, 206 — 208, 213. 
spine of, 39, 71 

Salamandra, cutaneous glands of, 488. 
limb-bones of, 158. 
muscles of, 314, 339. 
spine of, 216, 219. « 

trachea of, 46S 

Salivary glands, 433, 43 < 3 — 439- 

Salmon, 20. * 

peritoneum of, 458. 
skull of. 99, x^. 
spine of, 59. 
teeth of, 255. 

Santorini, cartilages of, 471, 474, 


Sargtis (a Teleostean Fish), teeth ojT, 
272. 

Sartorius muscle, 302, 303, 322, 341, 
r 34?- 
Sauna, 18 

Saunans, limb-bones of, 202 
lungs of, 464 
respiration of, 467. 

Sauropsida, 15, 382, 384. 
arteries of, 415, 
breathing organs of, 462. 
ear of, 394—396. 
kidneys of, 481. 
muscles of, 349. 
skull of, 96— 98, 101, 120, 127. 
Saurtirae, 18 
Saw-fish, scales of. 277. 

Scaleni muscles, 287, 288, 312, 517 
Scalenus muscle, 71. 

Scales. 240, 246. 

of Fishes, 246, 277. 
of Serpents, 246. 

Scallop, 6 

Scaphoid of foot, x86, 207 
Scaphoides, 150, 151, 167—169, 171, 
174* 176. 

Scapula, 145, 146, 153, 161, 230. 

Scarus (a Teleostean Fish), 20. 

teeth of, 272, 273, 

Scent glands, 487. 

Sciatic nerve, 400, 402. 

.Seines, 18. 

Sclerotic, 388. 

Scolopendra, 6, ii, • 

.Scorpions, 7, 13. , 

Scutes, 240. 

and scales, relation between, 241. 
marginal, 239. 
of plastron, 240. 

Sea-anemones, 7. 

Sea Bear, x6 

exo-skeleton of, 245. 
Sea-cucumbers, 7. 

Sea Lion, skull of, 136. 

Sea-mat, 7 
Sea Otter, 16. 

5 >ea-squirts, 7. 

Sea-urchins, 7, 10. 

Seals, 16. ♦ 

brain of, 378, 379. 
kidneys of, 482, 483. 

200, 206 208, 2H, 2X2. 

limb-bones of, T70, 173, 196—198. 
liver of, 435, 456 

muscles of, 340, 341, 343, 346, 354, 
399- 

skin of, 237. 

skull of, 99, III, 1x2, X17, ia8, 
X40. 

spine of, 68. 
tongue of, 441. 

Sebaceous glands, 485. 
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Second row of carpals, 170. 

of tan>,aK, 207. 

Secliont, of brain, 371—374* 

Sectorial tooth, 2O9 
Self-consciousncss, 496. 

Sella turcica, 8x, toy, 137 
Semicircular caiiaK, 392, 393. 
Semiluiiat bone, 170 
cartilages, 183. 
va!\es, 408-410. 

Scmi mcmbtaiiosus muscle, 301 303, 

3^>S. 318, 32?, 3J8, 34», 344 j 34^> 

— 35o> 354. 355 , 

Semi-spuialis muscle, 291. 

Semi lentlinosus nuisclc, 301—30), 318, 
322, 338, 344, )48 350. 354. 355 

Seiiinopilhei us (Asiatic 443 

laiynx of, 474 
liver of, 4-,s 

Sense, organs of, 4, 13, 365 
Seps (a S.iunan), 195, 199 
knib bfines of, 173, 174 
spine of, S7 

Septum lu^nliun, 370, 371, 373, 375 
Serial homologufs, 213 

homology of musvles, )6i 
subdivisions uf limbs, 231, 232. 
symmetry, 2, 10 

Surpents, alimentary v anal of, 442, 446 
brom lu of, 469 
eye of, i88 
fangs of, 170, 271 
• larynx of, 475 
hmb-bones of, 152 
Uver ui, 434 
lungs of. 463 

muscles of, 308, 310, 314, 36*. 
nerves <.f, 3</j 
poisonous, teeth of, 275. 
respiration of, 4(7. 
scales of, 246 

xkiill of, 09, 101, 105, iir, 115, li }, 
128, 1 j6, 140, 142 

spine of, 37-39, 42, 45, 47*64, 67, 
O9 72, 220 
teeth of, 254 
tongue of, 440 
uniiJTiji organs of, 482 
Serrati pio^tici nui'cles, 289, 290, 321 
Serratus magmis muscle, 2yi, 29.-, 

)I3. 3ST. 3^5. 3^*8 
Ses,ainoi(l, 2 59 
Sets of teeili, 21)0 
,Scventh 111 tve, 105, 396, 399 
verteln-.i, 55 

Shacklo-iomtv, 2:, 277, 278. 

.Shaft of fc.it hot , 244 
of tibia i8j, 

Sh-agieen, 27; 

Shape of nails, 345 
Sharks, 20, 144, 222, 2?5 

alimentary canal of, 44'S, 44*9 


Shaiks, .tileries of, 416. 

br.inchial arches of, 222. 
Circulation of, 419, 421. 
cxo-ski-lcton of, 277. 
gills, o^ 477, 478. 
have no swim- bladder, 466. 
ncives of, 397, 398, 403. 
pentoneum of, 458 
fckull of, 119, 121, 124—128, 139, 
H3 ^ 

xpine of, 38, S9. 73 
teeth of, 25O, 260, 273 
urmary organs of, 482 
SshoJduig of antlers, 279 
of .skill, 238. 

Sheep, almientary canal of, 446, 448 
cutaneous glands of, 487. 
exo-skeleton of, 245, 247 
limb bones of, 104, 171, 172, 208, 
210 — 212, 

skull of, III, I JO, 124, 135, 1J7. 

139-141 
spine of, 48, S4- 
stonuuli of, 443, 4G0 
tceili of, 201, 2(>2, 2O8, 269, 275 
tongue of, 441. 

Shell of Tortoise, 44, 64, 239 
Shm-bone, 183 
Shoulder, mnsclcff. of, 2173. 

Shoulder blade, 145 
Sfiouldci boiKs, '145 
Shoiiklei-girille, 153 
Shrew Mouse, teeth of, 261 
Slirews, i6 

alimentary c.inal of, 446 
cntancousgl.indsof, 487. 
hmb-boucs> of, 134—160. 161, ^64, 
i6:> 

pcritoncnm (.f, 4b0 
skull of, 1 1 5 
Slmmps, 7 

SiainaiJg tiibhon, 236, 379. 
lar>ii\ of, 474 
skull of. 122 
spine of. 64 * 

.Side of brain, 57 > 

Sigmoid tavilies of ulna, 149 
Siluroid Fishes, iij 
iiuiuth ( f, 43s 
spines of, 27S. 
longue of, 440 

Simplest mjolo^ical conceptiom,, 364 
SincipU.lt'region, 77 
S.nHs, frontal, 91 

rhomboid.ih'-, 386 
venosus, 410, 423^4''6, 428. 

Siren, 19 

limh Iwiiics of, 152, 195 
iung-. of, 464, 465 
skull of, 11 3 
spuie c f, 40 
th^’inus gland of, 485. 

M M 
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Siren,' trachea of, 468, 470. 

Sirenia, 16- 

limb-bones of, j 66, 170, 189. 
mimmary glands of, 489, 490 
skull of, T17, X29. 
spine of 63 

Situation of teeth, ?54. 

Sivathenum, skull of, 129 

Sixth ceivical vertebra, 54. 
nerve, 390, 391, 399. 

Sire of brain, 378 

Skate, limbs of, 153. 

Skeleton, 22 

exterml, 23, 236. ' 
iiitei nal, 73, 214. ‘ 
of face, 74 
of foot, 184 
of hand, x^o 
of head, 74 -T44. 
of lower limb, 177 
of spine, 2S 
of upp'^r limb, 145. 

Skeletons, axivil and apipendicular, com- 
pared, 234 

Skin, 236, 238, 461. 

Skull, 74 -144 

Skunk, cutaneous glands of, 487. 

Sloths, 17 

circulation of, 421. 
lai j nx .if, 474 

limb-boncs of, 155, 156, T58, if>t, 
166, iCk}, 171—173, 175, 176, i.S^, 
197, 201, 203, 206, 2xt — 213. 
liver of, 155, 4c;6 
mammary glands of, 489 
muscles of, 342, 343, 345, 346, 35^*, 
3S9 

skull of, rri, 114, it6, t3s i 33, 142 
spline of, 43, 47, 51, 55, 68. 
teeth of. 274 
trachea of, 469 

Slow I,emnr, cuculition of, 421 
larynx of, 473 
muscles of, 339 
spun e of,' 51. 

Slow-worm (a legless Lizard', spine of, 
64 

Slugs, d, 13 

Small intestine, 442, 446, 447. 
sarro-sciatic ligament, 180. 

Snails, 613 

Snakes, t8 

I ut.ancoiis glands of, 487 
lungs of, 4O4. 
skin of, 238'’ 

See rtAo Serpients. 

Socket of thigfi, 178. 

SoA com miss ire, 371 - 374. 
palat'% 23 r), 434, 436 

Solai pleviis, 404. 

Soles, 2CI. 

eye of, 389. 


Soles, muscles of, 362, 363. 
skull of. 128. 

spine of, 60, 61, 220| 231 , 224. 
Soleus muscle, 305, 306, 352, 354. 361. 
Sorex, 16 

hmh-hones of, 156, 158, 160. 
skull of. 103. 
spine of, 58, 66. 
teeth of, 261, 264, 265 
Sow', mammary glands of, 489. 

Spalax (a Rodent), 16. 
muscles of, 311 
skull of, 116. 

Species, 6. 

Sperm Whale, 16. 
skull of, 128 
spine nf, 44, 66. 

Sphargis (a J'urtlc), trachea of, 469. 
Sphenodoii 18. 
ear of, 396 
skull of, 103. 

Sphenoid, 75, 76, 78, 8r, 107. 
Sphenoidal fissure, 76, 82, 83, no, 147 
sinuses, 93, 140, 141. 
teeth, 2S4. 

Spjheno-tuaxiliary fissure, 89, 134 
fo^sa, 89, T34 

Spheno-palatuic foramen, 85. 
SpihcnotK, 103, 106, no, 227 
Spider Monkeys, 15 
imisclcs of, 324 
skull of. 1 36 
spmie of, 50, 58, 72. 

Spidei N, 7, 12, T 3 
Spigelmn lobe, 452, 454, -155 
Spnnal aitessory nerve, 88, 368. 
cord, ?5, 385 
enl.irgemeiits, 386 
marrow, 4, 25, 385, 386, 400. 
nerves, 385, 390, 397, 399, 401, 401 
Spnnalis dorsi muscle, 290, 291. 
Spinax, 20 

spnne of, 38 
Spine, 25, 215 
curves of, 33, 
of e\o-skeleton. 243. 
of isrhmm, 178-180 
of s( ipjula, 145, 146, 155. 
of tibia. 183 

Splines of Siluroids, 278. 

of 'J elcostei, 277. 

Spinous pjioccss, 27,40 
Spnral valve, 448, 439. 

Spiittle glands, 433, 436 
Splanchiiapiopliyscs, 223, 224, 226 
Spilcen, 445, 448, 449, 45f> 483. 484* 
Splenial bone, y8, uo 
Splenic aitcry, 449 
Spilcnius muscle, 283, 289, 290, 322. 
Sponges, 8 

Spoonbill, urinary org.ans of, 482. 
Spurs, 247 
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Squalus, alimentary canal of, 448 
Squama of occipital bone, 78, 88, 90, 
91, 98. 

of temporal bone, 75, 76, go, 90, 
91, 98 

Squamosal, 98, 100, 102, 104, 121, 130, 

134. 2-57 

Squanunis ‘.utiire, 79. 

Squirrel Monkey, skull of, 1 J7, 1 38. 
Squirrels, 16. 

skull of, 110, 118. 
teeth of, 2 <59. 263. 

Slag, antlers of, 279, 
skull of, no, 137. 

Stag of ten, 279. 

Stapedius muscle, 396 
Stapes. 392, 393, 395, 396. 

Star-fishes, 7, to, 12. 

Star-ga/ei (a 'rdcostean Fish), eye of, 

389- 

Steatornis (a Carinate Bird), trachea 

of* 470 

Stellio (a Li/ard), spme of, 66. 
Stcnostonia (a Sii.ike), luiib-bones of, 

19 ". 193. 198. 

Sternal nbs, 7:, 223 
Sterno-cleido-rnasioid muscle, 286, 312, 

. 313. 

l^eruo-coracoid muscle, 325. 
Steriio-hyoid muscle, 287, 3x5, 316 
Stcrno-mastoid muscle, 283, 290, 327 
Sterno-scainilar muscle, ?2i. 
5 <eino-ihyroi<l must le, 28/, 288, 316. 
Sieriium, 64, <>6, 161, 22?, 226 
Stickleback, unnary oiqans<Tf. 482. 
Stom.ich, 441 -443, 4J5, 4^7, 448, 453, 
460. 

lining of, 249 
Stork, skull of, 128. 

Strix (Owl), skull of, 109 
Stiucture of electric organs, 405. 
of nail. 244. 
of teeth, 250, 269, 273 
of wh ih bone, 248 
StruthioriuLc, b mb- bones o^, 159 
Struthious Ibtds, muscles of, 339 
spine *.»f, 66. 

Sturgeoni 20 

exo-skeleton of, 277. 
limb-bones of, 154, 162. 
mouth of, 435 
peritoneum of, 458, 459 
skull of, 96, 143 
spine of, 37, 39, 53. 
spleen of, 484 

Stylo-giossus muscle, 286 — 288, 314. 
Styloid, 80, 88, 106 
process of radius, J49. 
ulna, 149, 150, 168. 

Stylo-hyal, 123, 227. 

Stylo hyoid bone, 396. 

Stvlo-hyoideus muscle, 286, 287, 313. 


Stylo-mastoid foramen, 80, 88, 105. 
Stylo-pharyngeiis muscle, 286 — 288, 

314 

Subclavian artery, 412, 413, 418, 420. 
vein. 422, 431, 432 

SiilKlavms muscle, 291, 292, 310, 311, 
3M, 315. 3^7- 

Suhdivisions ot limlis, serial, 231, 232. 
Sub-kingdom, 5 
Sub lingual glands, 4^7. 

Slih-ma\illaiy yl.inds, 437 — 439. 

Sub operculum, loj. 

Sub-orbital, 10 ^ 

Sub-siapular fossa, 145, iss. 
Sub-seapularis muscle, 293, 325, 326, 

329- 

Succession of teeth, 232, 2S3, 271 
Siidis (.iTeleostcan h isb), skull of, 120. 
Sudoriferous glands 485 
Sulci of cerebrum, 361). 

Superciliary ridges, 79. 

Superficial flexor muscles of arm, 294. 

flexors of leg, ^05. 

Superior articulating piocess, 28. 
auricular museb , 28-;, 308 
constrictor nius( le <jf pharynx, 288. 
nuivillary neivi , yu 
oblique mus( !c of eye, 28=;. 
ret tus mu'-cle of eye, 285 
vermis, 367, 373 
vesical arteiy, 414 
Supination, 149, 165, 166 
Supinator actessorius muscle, ^33. 
brevis muscle, 206, 297, 331) 
longus mu*ole, S94 — ^10, 315 
^i6, 328. 329, 33J— 33*^ 
ridge, 147 

Supra condyloid foiamen, 1G5 
Supra-occijutal, 79, yB. 103, 117, iiy, 
129, I ^o, 227 
Siij-ra-orbital rulges, 79 
Siqii.t renal cajisiilcs, 483. 
Sui>ra-scapular, 153, 155, if)!, 
notch, 146. 

Supra-spmatus musrl§, 292, 293, 32(1, 
328 

Supra-spinous fossa, 145, 146 
Surangular bone, 98, 120. 

Sus, spine of, 65 
Suspensonuin, loo, 108, i2x. 

Sutures, 24, 74, 77, 115, 126 
Swan, cutaneous glands of, 487 
larynx of, 474. 

• bver of, 45 1. 

skull of, 137. • • 

spine of, 47 
trachea of, 469.** 

Sw^eat glands, 485, 486. 

Sweetbread, 449 
Swifts, limb-boiies of, 213. 
Swim-bladder, 465. 

Swordfish, alimentary canal of, 450. 
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Swortlf h caeca of, 450. 
skill, of, 128. 

Sylvian fissure, -^68— 370, 374. 
Symbols of dentition, 253. 
Sympatlietii’, ^ 

system, 364, 401, 403, 404. 
Symphysis, mrindibiilar, b6, 122. 
of ilia, 191 
pubis, 179 

Symmetry, aiilcro-posterior, lOs 
bilateral, 2, 10 
l.ldl.'ll, TO. 

serial, ?, 10 
Symplectji, roi, 396. 

Svnovial lhiitl,.24. 

Synn\, 4O9, 4,0 
.Systemic veins, 42T. 


'r. 

Tadpole, 134. 

oircuKition of, 417, 429, 
thy n us £^1 inti ol, 485. 

'I ail, muscles of, 3^4. 

'r.ul ot HoTie, 24 1 

of Igua. •, miistlesof, 333, 334. 
of i<ntLi( '>ke, 246, 247 

of .Spitlci iVioukey, 7'' 
'I’ailed-hatrachi.iiKs, circulation of, 417, 
429 - 

car of,. 394, 

limb'ljoues of, 19 1, 193, 796, 202, 
203,* 206, 207 

muscles ot, 324, 340, 330, 337, 359, 
36?. 

spine of, 56, 6r, bi, 64, 06, 69, 70. 
Talpa, muscles of, 311 
spine of, 73 
teeth of, .’^3 

Tainaii hii Ant eater, spine of. 06,71 
'I’anrcc, 16 

limb hones of, 188. 
skull ol, loi, 102 
teeth ot, 2M^ 

^apal<^, teeth of, 268. 

'ra]i''-wort»i, 11. 

'I'a])!!. Tb 

hinl) liones of, 212 
livtrof, 356 
muscles of, 35O, 3137* 
skull of, 1 12, J29, 133. 140, 
teeth of, 2O8, 2(19 

Tarsius, 15 * 

eye of, 38H. , 

hmb-bones of, 200, 201, 704, 206, 
207 “ " 

mammary ghnds of, 490. 
muscles of, 344 
skull of, 138, 
teeth of, 238 
Tarsus, 177, 184, 203. 


Tarsus, compared with carpus, 232. 

proMinal bones of, 205. 

Tasmanian Wolf, 17 
hinb'boncs o,f 194. 

Teats, 490 
'J’ecth, 236, 238. 

definition of kinds, 253. 
development of, 252 
forms ot, 257 
implantation of, 255, 256. 
numbet of, 237 
situation of, 235. 
structure of, 269 
succession of, 252, 253, 270 
Teleostean Fishes, swim-bladder of, 

465- . 

Telcostei, 20 

biain f f, 383 
branchial arches of, 480. 
tulancous glands ot, 488.* 
spines of, 277. 

Temporal artery, 412. 

Vjoue, 73, 79, 102 
fossa, 77 
gland, 486. 

lobe of cerebrum. 3fi8--370, 378. 
musilc, 284, 285, 310, 316. 


legion, 77, 1 
Tenth, skull of, 
'IVndo Achiliis, 


>33 
1 12 

iKf), 303, 3oC>, 353, 


I’cndons of flexor iniiscks, 332. 


Tensoi pctagii hre\is muscle, 320. 




pctagii loiigus mu'-cic, 320 ^ 

tviniiun mustle, 80 

vauin.e lemons muscle, 302,(341, 


Tentai Ics, 4 35 
'rentonmn, 89, t3<>. 
'1 eiebi.itula, ti 


'Fores m.ijor nuiscle, 290, 292, 293, 32b, 
328 

minor mii-rle, 290, 292, 293, 326 
Teiminal enlargement of spinal mar- 
row', j86 

I'crrapm, s^jine of, 52. 

'Fester, 371 - 37 b 

'Festudo (a Joitoise), limh-honcs of. 


iQ7i >9^ , 

Teiiaod >n (.1 Teieosican Fish), muse 'es 
of, 309 

'Ihii;li, niusdesof, 501, 302, 344 
'I'liigh-bone, 177, i8o. 

Thigh-glands, 4S8. 

'J'high-socket, 178. 
linrd cornu, 373 
eyelid, 389. 
nerve, 285, 390, 399. 
trochanter, 197, 209 
ventricle, 371, 374, 375, 384 
Thoracic duct, 299, 430, 431, 463. 
Fishes, 194. 
limbs, 230. 
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Thorax, 32, 63, 67, 468. 

of bird**, 222. 

'rhousaud-lej?s, 9, ii. 

’J'hrce-tocd Sloth, t7. 

linib bones of, is<^» 158, 169, 17c 
- 17 b i 75 i ^12 
must les. of, 32 T, 342, 343, 340, 35r>, 
3S9. 

spine of, 47, 55, 114, iT!j 
'1 hyUrine, liver of, 4^/) 
skull of, J23, 137 
spine of, 53 
'riiylacinus, 17. 

limb bones of, 194 
'rhynms gland, 485 
Thyro hy.il, 87, 123 
'I'hyro-hyoicl musde, 287, 316. 

’I'hyroul .irtcry, ,511, 429 

cartilage, 434, 471, 474, 475- 
gland, 484 

T'lbia, 183, 1S7, 190, T93, Kjft, jq'I, ->01 \ 
201, 7 (^ 3 — 205, ?<\)y 710, 21 ) 

'Iibial addiictoi muscl'. , 344 - 3''4, 

3'5'i 

trochanter, 18 1 

I’llnahs anticns muscle, 303, 20 j, 3'’?, 
338, 341, 345, t47t 348. 

3s4- -JSS- Hs7, 

^ posticus wnisclo, 3r»5 — 407, 154, 

^ 355* 357 

postu Us, groove for, 184, v(>t. 
secundi digiti muscle, 453 
'l»igtr, 16. 

muscles of, 410 

'I innimus (a C'.inn.ite Ihid allied the 
Kalita'), skull of, 110 
Tissue, muscular, 781 
'I’oads, 19, 

braui of, 383 
cutaneous gkuuis of, 488 

ear of, 394- 
exo ski k.t<»n of, 245 
linib-boncs of, j6i, 176, 191, T03 
respiration of, 470 
skin of, 248, 
skull of, 90, no 
spinal m.inow of, 586. 
spiiK'of, fis, f>7. 
tradua ol, 40S 
Toes, bones of, 712. 

Tongue, 433, 434, 438, 439, 441. 

muscles of, 286. 

Tongue-bone, 87, 123 
'I'outhless M annuals, 754 
'rooth-like structures, dermal, 277. 
epithelial, 276. 

Torpedo (,m Jclasmobranch Fish), 
nerves of, 405 

Tortoise-shell, 239, 240, 242. ’ 

Tortoises, ro 

cutaneows glands of, 487. 
exo-skelelon of, 241. , 


Tortoises, limb bones of, 164, 174, 175, 
191, T96, 198, 212, 232, 234. 
musc'les of, 308, 362. 
skull of, 113 
spinal mairow of, 3x6 
spine of, 38, 39, 41, 44, 44, 48, S9, 
G3, 64, ('8, 69. 

I’ortoises, Ijancl, 19. 

I’otalitj' of 111 in’s iMture, 497. 

I’oiK m (a Caniiatc Ibid), skull of, 147 
'I lalx cube craiui, 03, <14, loi, 143 720, 
729 

'I'rai boa, 407, 462, it. 7, 46S, 471. 
Tracbydosaimis la ia/ax.li, 

IV.iguUis (a Ruminant), liver of, 455- 
'Piagus, Yn, 

'Iiaiisveisali'. icivicis ixu'sck, 323. 
miisiJc*. 7<;H, 338 
nasi niUMh', 281, 284. 

Tiaiisversc bone, 171, 131, 227 
col'i.i, 442 
fissure of In ( r, 452. 
piu( css, 77, p>, 215, '>17 
'IVaiisvctsus p '(Jis imisi h , ji'8, 3119 
lrai>c/mni, 150, 151, x68, 170—172, 
170 

J rape/uis muscle, 285, 780, 790, 410, 

'1 lajK /outes, 150, 151, f>8, 171, 17G 
riiaugul.uis stcnii muscle, 790 
'liiccps, 327 — 5 *9. 3O2 

mu- lie, 295, 294, 310, 3x3, 315, 
31O, 310, 375 
'I’m b.cchus, i(j 
'I ricuspid \.d\c, 407, 408. 

'1 rigeminal nerve, 4(18 
rtitoii (an I’ll), hiiib bones of, 170 
1 UK hanii r 1 fo-sa, i8i 
I’roi hautcis, 181, 197 
Trochlea of a bone, 7i. 

of hurneius, 147, i.^B. 

'I rue dermis, 240 

niolais, 757, 233, 264 
vkni, 48(1 

vertcbia-, 26. • 

Trunk-fishes, 70 

'riiiiik, muscles of, 291, 'Mid 

cif IcU pliant, iiuis* Ics of, 30*.; 

Tube f.ir icnsor lynipaui nuiscle, feo. 
'i'libei i iiieicuni, 31 >q 
ruberclc of nb, 45, 69, 216. 

of Ubi.i, 183, 184. 201. 

Tubcicular process, 28, 216, 223, 224 
Tuberosities of fetruu, 181 

of hunieriis, 1 |4', > 'i,»Tt 5 
'I III eio'-n^v t>l h'lliincMl ii‘ a', 187. 
of 1-.0I ium, 17^7*180, 193. 
of ladiiis, 748. 
of tibia, 184 

Tiinnv (a I'cleostcan Fi->h), ?io. 
liver of, 454 
spine of, 53, 72 
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Turbina! bones, 434. 

Turbinals, 86, 113. 

Turbot, cjEca of, 450. 
eye of, 189. 
skull of' iv8 
spine of, 57, 61. 

Turtles, »9, 240 

limb-bones of, 170. 
skull of, i<», 129, r33, 138, T39. 
'J'w'o-toed Ant-eater, ahnicntaiy canal 
of, ,1148. 

litnlj-bunes of, 206. 
muscles of, 326. 330 
spine of, 06, 08 
Two* toed Sloth, 17 

limb liones of, 155, 164 
liver of, 4S5 
spine of, 43, 47, 51, 68 
Tympanic, 80, 106, 114 
artery, 41 3 

caitilage, 434. 47i’ i74^ 475- 
meinbnine, 393 
Tympano'liyal, Bi, 107, 227. 
'J'yn>P‘*»uni, 395 
Types of brain, 384. jSs 
Typical dentition, 259, 2C2, 26^>. 

U. 

Udder, 489. 

Ulna, 149, 167, t68, 170, 176. 

Ulnar artery, 412 — 414. 
carjial ossicle, 170, 175. 
nerve, 400, 401 
tuberosity, i}8, 164, 165. 

Ulnans muscle, 310, 316, 

Umbilical arteries, 424. 
fissure, 452 

vein, 424, 425, 451, 4 S-’, 45s 
Unc. forme, 150, 151, 1C17, 168, 172, 173, 
176 

Uncinate process, 67, 71. 

Ungual phalanges, 176 
UngiiUna, 16 

limb boncs*'’o^, 156, 157, 160, 192, 
197, 209 
limbs of, I S4 
skull of, 1 12 
spine of, 43, 48,62, 71. 

Ungulates, teeth of, 471. 

Unicorn, 262. 

Upper arm, muscle® of, 293. 
arm -bone, 145 

evftremity, muscles of, 291. * 

bnvbV ' 

muscles o^ ^24. 
skeleton ol, 145 
ribs, 41, 224, 226. 
surface of brain, 366 
zygoma, 227 

Uranoscopus (a Tcleostean Fish), eye 
of, 389. 


Uraster, 7, 10. 

Ureter, 447, 480—482. 

Urethra, 480 
Urinary glands, 481. 
outlet, 482 

Urodeles, muscles of, 349, 351 
Urohyai, 103, 124. 

Uromastix (a Lizard), limb bones of, 
164 

Uropygial gland, 487. 

Uiotnchus (an insectivore), teeth of 
265. 

Uvula, 43 4jC. 

V. 

Vaginal process, 80. 

Valves of heait, 4 <j7, 40), 4x0 
of lymphatics, 4 j > 

Valvula, conniveiites, 446, 448, 460 
Vampire Bats, 16 

nas.il organs of, 380. 

V.aramari Li/aids, iiO 
Varanus (a Li/ard), 205, 213 
skull of, 12t. 
teeth of, 2156. 

Vastus exteinus muscle, 302, 30 ^44, 

346 . 347 

interuus muscle, 302, 303, 305 , 

Veins, 406, 421. ^ 

111 Bat’s wing, 428. 
pulmonary, 46S 

Velum uitcrpositum, 371, 372, 374, 
of palvite, 434 

terminahs, 377. t 

Vena azygos. 463 

cav.i, 290, 407, 408, 410, 422, 42^, 
425, 451, 452, 454, 456, 4O3, 468, 
480 

pon.e, 424, 449, 45T. 

Venous blood, 427 
Ventral fin, niiisolcs of, 363 
lamina;, 3O, 218. 

Ventricles of biain, 371 — 379, 381 
of hedit, 407, 410, 42^. 4O2 

of larvns, 47 3 > 47 -t 
Veimiforni apjicndis, 44?, 446, 448 
Vermis of cerebe Hum, 307. 

Vertebra, 25, 215. ^ 

a dorsal, 27 
seventh, 35. 
sixth, 54. 

Vertehr.e, 6 

cervical, 26, 47 
coccygeal, 3 1, 58. 
dorsal, 26, 42. 
false, 26 
in general, 39. 
lumbar, 26, 51, 
number of, 38 
ossification of, 61. ' 

sacral, 27, 55. 
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Vertebrae, true, 2G, 

Vertebral aponeuro«.is, 290. 
artery, 412, 418 4 
canal, 25 
categoiies, ?6. 
margin of scapni’a, 146 
region, muscles of, 317. 
rib, 71, 22J. 

Vertebrata, 6. 

Vertebrates, their general cliaratlei, 
490 

Vesical artery, 414. 4 T9, 41:0 
Vespcrtilio (Common lint', skull of, 
IIS 

Vessels of liver, 451 
Vidian artery, 41J. 
c<uial, 110. 
nerve, 8i. 

Viper, lungs of, 464 

Virginian ( )po^suin. 489 < 

Visceia of Fowl, 447. 

* of la/ard, 453 
Visceral arches, 5, 95, 143. 392 
clefts, 5, 393 

Viscero-skcletal muscles, 283 

Vitreous humour, 387 

Vocal cords, 473, 474 

Vomer,- 85, 9i, 98, 108, 119 120, 134. 


W. 

• 

Wall us, tb 
• skull of, II >5. 
teeth of, 261, 263 
Water, 2, Q. 

Weasel, 16 

alimentary canal of, 448 
Web fingered < onclition, 236 
Wel)-toeil condition, 236 
Weight of antlers. 280 
Whalebone, 248, 249 
hales, lO, 19 
hi am of, 378 
brcd thing organs of, 4G2 
exo-skeleton of, 2^3,247, 271 
JiinJ|-boncs of, iqo, 195, 198, 199 
mouth of, 247, 435 
muscles of, 3,0 
skull of, 113 ITS, 122, 12S, I 38 
spine of, 48, 49, 53, 61, 64. <jO, b8, 
70, 220 


Whales, tongue of, 441. 
trachea of, 4OH. 
whalebone of, 271. 

Whale’s m<jde of feeding, 248 
Whiskers, 243 

Whitmg, alimentary canal of, 450. 
co-ca of, 450 

Wliole nature of man, 497. 

Windpipe, 434 

Wing movements, 328. 

Wings of Bats, 2 ^7 
veins of, 42S 
Wisdom tooth, 2^2 
Wolf, Tasmanian, 17. 

Wombat, 17 

aliment try canal of, 488. 
liml) hone-, of, 165, 198, 201, 202 
liver of, 4S5 

muscles of, 353, 354, 256, 357 
spiiic of, 5 t 
stomach of, 44 S- 
Woodcock, r 32, 139 
Woodpetker, skull of, 120, 124. 

longue of, 440 
Woolffi.ni bodies, 481. 

Worm of dog’s t<mgue, 440 
Wii^bcrg, tartilages of, 473. 


Xiphias (Sword-fish), ca5ca of, 450. 
Xiphi-surnal senile, 240. 

Xiphi sternum. ()\ 

Xiphoid process, 34, 35. 


Z. 

Zeus (a ’I'eleostean Fish), 162. 
Z<*oloiny, 24 
Zygania, 20 
Zvgantruni, 4s, -226 
Zj'gapojiliysc-,, 28, 40 
Zygoma, 76, 77, 114, ^33 
lower, 227. 
ujipc-i, 227, 

Zygomatic glands, 438. 

prores'-, 75, 88, loi, 102 
Zygomaticijlhaunciil^s muscle, 284 


THh 





